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SECTION I

INTRODUCT ION

This report is the first of two presentations which
summarize the research on the traveling wave V-antenna over
the period from July 1964 to the present.

The traveling wave V-antemna consists of two resistively
loaded sections placed in a V configuration and fed at the
apex. If the value of load resistance is.properly chosen, only
the outward going traveling wave is present on the section
between the driving point and the termination. The antenna
operates best when the driving frequency is such that the
resistance is a quarter wavelength from the end of the antemna.
Two separate cases may be considered depending on whether or
not a resonant or non-resonant section is between the driving
point and the resistive termination. The value of the optimum
load resistance was based on the analysis of a single leg of
the antenna. The analysis is valid so long as the current
distribution is not affected by the proximity of the other leg.
Experiments have, thus,substanFiated the validity of this assumption.
These radiation properties are used in calculating the effective
area of the antenna.

In order to calculate the equivalent temperature of the
antenna the driving point impedance is required. This impedance
is determined in Section III based on the physically reasonable

model of an infinite traveling wave V-antenna. Numerical results

are presented for a wide variety of antenna diameters and apex
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angles. Detailed calculations are also given for the RAE antenna of
this assumption for normally used apex angle (i.e. greater than
20°). The results for optimum load resistances are presented
here for the case when the traveling wave section is anti-
resonant,

A general discussion of the relevant antenna parameters
needed to describe the traveling wave V-antenna is given in
Section II. A summary of the radiation properties is also given
in this section based on the formulation presented in Scientific
Report No. 2 of this grang in Section IV, the Fortram programs

for the theoretical results are listed.
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SECTION II

The Radioastronomical Measurement Properties

of the Satellite Borne V-antenna

Some care must be employed in interpreting measurements made on space
probes (1). Here it is important to relate the properties of the radio-
astronomical source to physically observable qdantities on the satellite.
General formulas given in the literature are specialized to a particular
antenna. For example, the vaiid formulas given by Bracewell (2) are not
concerned with the driving point impedance of an antenna or the difference

between this impedance and the radiation impedance.

The following two formulas given by Sandler (1) will be applied to the
satellite borne V-antenna.

EFFECTIVE AREA A(m?)
2

A=Re{ g|cosP he ©) 5021- (¢))
Z; *+12,
where R e is the Real part .
cos g’/) = tilt angle between incident electric

field and antenna

i

b, (0)

complex effective length of the
receiving antenna

load impedance = RI‘-+ j XL

4,

L

120 77 ohms

it~

(1) S. S. Sandler, "Effective Area of Satellite-Borne Antennas for

Radiq Astronomy", Planetary and Space Science,
1963, vol. 11, pp. 817 - 822.

(2) R. N. Bracewell, "Radio Astronomy Techniques", in Encyclopedia of

Physics, S. Fluegge, ed., Spunger Verlag, Berlin,
Vol. 54, pp. 42 - 129, 1962.
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driving point impedance = Ro +j Xo

VN
o
"

characteristic impedance of free space

RADIO SOURCE TEMPERATURE T ( ©K) for a Rayleigh-Jeans Source

2
(Zr + Zp) r

2.
T=-——————— Re
2wkt, zp h2() [ B

where

>
"

wavelength in meters

k = Boltzmann's constant
k = 1.3803 x 10723 joules / degree
P;L = real power measured at load impedance of

antenna with a randomly polarized field.

The above formulas were derived for a single linear antenna in free
space. For a single linear antenna the radiation field is independant
of the angle ¢ in spherical coordinates if the antenna is along the

Z-axis.
-2

The complex effective length of this antenna is also proportional to

o

the complex field function of the antenna when used for transmission.

Thus
1
ho(9) = —=Fo (9, 80)
(-4
where s P
F (0, h) = ézg— I(z') e%éF cos © sin 0 dz'
° 21
-h
I(z) = antenna current
h = half length of antenna

le/)~o

(%

(2)

(3

(4)
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In the general case when the dipole is arbitrarily oriented the
complex, the complex field function may be replaced by a space
radiation function K(G,ﬂ&). Since K is proportional to the vector
potential A and h is proportional to the electric field in spheri-

cal coordinates, a factor sin29 will appear in the relation bet-

2
sin“@ 2
v K- (8,$4)

The space radiation factor for the V-antenna KZ(O,{?) is given by

ween h2 and K2. This relation is given by hz(G)é:$>

Sandler (3) and has been machine computed for a wide variety of
traveling wave V-antennas. The spatial temperature distribution

for a Rayleigh-Jeans source is then T(0, ) where

-

2 2 2
T(9,4’) = )\ 4?"2 Re (7L * Zo) Pt
32"k sin“@ Z;, k% (0,%) RL
2
T(0,$) = _1_2_ Re (23, +zZ°) ] P;L
2k sin o Z K (g)¢a f

The source temperature as measured by the antenna must also be
corrected to include only that temperature which is enclosed by
the main beam. A correction factor B is defined by the following

relation (4)

B = ¥beam
Win
where wbeam = "power" in the main beam.

(3) S. S Sandler, "Theory of the Resistively Loaded Traveling
Wave V-antenna', Science R-port, No. 2, Prepared for
the National Aeronautics and Space Administration Grant
Ns G-355, Northeastern University, Boston, Mass.

(4) See Reference 2, Section 38.

)

(6)

(7)

(®)
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(Note: B in (8) above is the quantity G as computed in reference 3
for a particular value of 91).

A quantity G has been computed for the V-antenna which measures the
ratio of the electromagnetic energy transfer into space of a cone

of half angle 91 to the total energy transfer.

271/],91
c—f° o K (04)sino do a¢

277
'f f’T K? (0,6) sin 0 do d ¢
o o)

Plots of KZ{EQJOD for a representative V-antenna are shown in Figs.
1 and 2. The plot of K2 represents the power pattern of the antenna.
Note also that the power pattern contains no sharp maxima. As the
length of the V-antenna increases, the plot of K2 will become in-
creasingly complicated and it will become difficult to determine
the extent of the main beam. If the actual source temperature is

Ta then Ta is given by a convolution of the corrected terminal tem-

perature and the source distribution (5).

If the source is uniform over the main beam and the background
temperature is negligible then

a T/ﬁ

and the Flux density S is given by

]éiz— ‘{j. T, dx &y

beam

T

f

S

(5) See Reference 2. Section 50. -
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SECTION III

The Driving-Point Impedance of an Infinite Length V-antenna

Introduction

The V-antenna is constructed by bending the two halves of a
dipole about the driving poin;. This configuration is shown in
Fig.'l. The theoretical analysis of this struéﬁure is complicated
by tﬁe two-dimensional coupling of the fields and by peculiar
singularities which appear near the driving point. An example
of the peculiar behavior near the driving point is the consider-
ation of the impedance of the structure with a delta function
generator (f.e. § = 0). This condition is not physically meaning-
ful since the conductors are in actual contact. Also if the
structure is treated entirely as an antenna, potential contributions
near the driving point are inordinately large. These contri-
butions are mainly due to the large proximity effect which is not
accounted for in the quasi—one—dimensional form for the potential
integrals.'’

A physically more meaningful appréach to the impedance deter-
mination is to consider the driving terminals as having a finite,
but small, separation. The separation distance is the width of a
two wire lide which drives the structure, h Since the
directions of the currents on the two halves of the antenna are
opposite, the antenna behaves like a non-homogeneous transmission

line near the driving points. When the electrical spacing between
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opposite parts of antenna is not small compared to a wavelength
the radiation properties become important. Thus the section near
the driving point can be analysed in terms of transmission line

theory, and the remaining section in terms of antenna theory.

The V—éntenna of infinite length is chosen as an example
since only one outward travelling wave of current is involved,
This type of antenna is approximated by a finite length V-
antenna which is properly resistively loaded near the end. It
is possible for this case to find an approximate analytical
solution which illustrates the physical principles. The approxi-
mate solution is first derived for the limiting case of an apex
angle of 180° which corresponds to the infinite length dipole. The
presen approximate theory comparés favorably with the well kn own
results for the driving-point impedance of the infinite length di-
pole. The method is then extended to the V-antenna with an arbi-

trary apex angle.

The driving point impedance of a Thin Infinite Cylindrical
Dipole Antenna

The Hallen integral equation for an infinite antenna is given by

* -j8 R _ _
/ IZ (z") e ol 4. 31- V e jBolzl (3-1)
‘,. 3 Rl c,o [+

where Iz(z) is the current along the antenna, ;°= 120n ohms,
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Bo = Zt/Xo. xo is the free space waveléngth,

Rl g{(z - z')z +a2 R

The inward traveling wave has been deleted on the right hand side of
(1) since the antenna is infinite and no reflections can occur. De-

tails for the derivation of (1) are given in King. -

The vector potential on the left hand side of (1) behaves like

kS

the current,

o -js R
buvg A, = [ 1 (2) E—E—‘l—l- dz'~1_(2) (3-2)
or
4mvg A = ¥(z) Iz(z) (3-3)

In (3-3) the function ¥(z) is slowly varying and will be approximated

at a particular value of z, thus

¥(z) = ?(zo) ' (3-4)

The value of the constant?(zo) depends on the particular'choice for the
Zeroth-order current and also on the value of z, Since interest here
is in the driving point impedance, the ¥ function in (3-3) will be
specified at the base (i.e. z = 0). The simplest zero-order assumption

for the current will also be chosen. It is the outward traveling wave
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-3Bolz|
Iz(z) = I° e . (3-5)

Far away from the source (3-5) is incorrect since it is well known that
the current for large z has an amplitude dependence proportional to
(in Boz)-l. However, here the form of the current near the base is of
prime importance. The value of ?(zo) = ¥(o) is given by (3-3) with

(3-5), thus

- -3 8, Ry

Yo) = [ I_(z') E—— . -dz' (3-6)
- 2 T
, . _
Y€0) = 2[- Ci(8a) - 3 (5 - 51 (8a)] (3-72)
1 w
¥(o) = 2{In Y 8o iz b (%;D<<1 (3-7b)
where
Yy =1.781 , 1Iny = 0.5772.

The integral equation.(3—1) is reduced to the following algebraic

equation with (3-3), thus

e-jBoizl I Y(o) = __21 Vo e-jB(Jzl
o %o
or
z=i‘lw 8 [ln —— -3 X1 ° (Bga) << 1 (3-8)
o 2u 0= 20 tin Y Boa 3 2, 0
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The value in (3-8) agrees with the rigorous impedance formula given

by Wu for a thin infinite antenna.

The Infinite Length V-antenna

The integral equation for the V-antenna has been formulated by
King. After some minor manipulations the integral equation for the

finite V-antenna can be placed in the following form:

EN

h -jB & _ jB8 & -jB z
(" ' L I i?_ o 1ls o o]
{ I,,(z") K (z,2")dz ;. L e +37Je ° e
38 2
+ 02 e - v(z)] (3-9)
vhere
e.j Bokl e.j B0R12
K (z,z') = —————— - cos A —— (3-10)
v Ry Ry2
= | —-— M 2 2 -
Rl \l (zv z')" + a, (3-11)
- _ .12 2
Rlz \[ (zv z')" + a
z, = zcos A . (3-12)
avz = z2 sin2 A + az, a = antenna radius
;o = 120% ohms . (3-13)

{ = gap distance at apex of V-antenna .



V2V, = 12V, - ¢, (8) | (3-14)
¢1x(2) = lm 2 p(z) sin® A (3-15)
2 M -
p(z) =8 { Ilz(z') Klz(z,z') z' dz' (3-16)
~18R;,
K., (z,z') = £—~—(l+ﬁ (3-17)
12(2»2 2 o2 R)p)

The term v(z) on tge R.H.S. of (3-13) vani;hes at the driving point
z = §. Away from the driving point it will influence the form of the
current. From experimental measurements the form of the current remains
sensibly constant as a function of the apex angle A. Since the interest
is in the driving point impedance the term v(z) will be naglected. If
desired the square bracketed term can be included at the risk of in-

creasing the complexity of the formulation.

The constant C2 vanishes for an infinite length antenna since there
is only an outward going traveling wave. The simplified form of (3-9)

for an infinite length V-antenna is

°

- -8 & -§B z. .
J Ilz(z') K, (z,2')dz'= 20 [( b e o e o) (18

The vector potential on the left hand side behaves like the current

providing the legs of the V-antenna are not too close. Experimental
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resulfs also indicate that the form of the current on a traveling wave
V-antenna does not differ appreciably from the current distribution
on a traveling wave dipole. It is therefore reasonable to assume

that an outward traveling wave of current exists on the antenna as a
zeroth order approximation. As with the infiniée length dipole the ¥
function is approximated by the value at the driving point, thus

Ic 1,,") K (z,2") = ¥ (o) I, (") (3-19)

where . . ~

Y(8) = [ 1,.(z") K (,2")dz’ | (3-20)

After integration (3-20) may be expressed in terms of integral sine

and cosine functions

[- i (8a) - 3¢ - st (8]

YV(S) =
_ . .
- cos A[~ Ci (Boﬁv) - j(2 - Sl(Boév)] (3-21)
where
- 2 2 |

§.=3+l8 +a - (3-22)

v v

§ =6(1 - cos A)

2 2
For § >> a a simplified form for Gv is possible.
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Gv = 28(sin” — + sin %-), 62 >>Va2 (3-23)

The scalar potential contribution ¢1x(6) is more difficult to eval-

uate. It has the following approximate value:

iz, 2
¢1x(6) =% p(8) sin” A (3-24)
vwhere for
. -jB z
o
Ilz(z') = Io e
-j28_a
-jB 6 cos A o Vv
p(s) _ 386 e s =
Io e I° Bo 5; jl-ci (23o av)

" -
-3 G- 81(280 av) ) ]

- 2 2 2 2 2

-jB_ a a B a a B a
+6cos [e ° Y 83"; + =t 5 - 4 <

o°v 12 a 12 a a
v v v
Bo3av2 . - n -

- 3 (- C1(28° av) -io+3 81(280 av)] | (3-34)
54 = §v2 (z = 6) = 62 sin2 A+ az + 82 (3-25)

When (3-24), (3-21) and (3-19) are substituted in the integral equation

(3-18), then an algebraic equation for the current or voltage results.
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=38,z b4 1 jBo

jBo 2
Io Yv(é) e = E—n[ 5~v° e p(8) sin” A] e e
) .

_j Boz

(3-26)

The driving point impedance of the V-antemna is

v 14 -j8 8
2 =32 = 2(¥ (e ° +3 B o102 8] (3-21)
o [



The Input Impedance of a short

V - Transmission Line

Under the conditions that the line spacing is large compared to the wire
radius and the line length is large compared with the spacing, simplified
expressions are available for the line parameters.

The capacitance per unit length is given by c (z) where

c (2) = 2TT£0 / ko (z) 3-28

~

The function k (z) is the scalar potential difference between the two

conductors and to a high order of approximation may be written as

y4
1 1
k (z) = - - =) dz' 3-29
o®) f(Rl ng
: s
where 9 2
R, = J(-2")" +a 3-30
-— L 2 2 3 1
R12 = (z'- zv) + av -3
zZ =2z cos A
v
3-32
a 2 a2 + w2 sin ’
v

By elementary methods the integrals may be evaluated to give the folloWing

result

£

le dz' = 1n (z-%5) + J(z-§)2+a2 )

1
. 3-33
)

+ 1n (,(—z)+ /(,f'-z)2+a2 -2 1n a

The preceeding integral can be simplified by noting its value at the

extremals of z(i.e. z = § and z =€), thus 3-34

°
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®
=
N
]
>
a
N
I

= 1n Zf/a, [>)S>>a

= 1n 2( la, E>3>8>> a

[}
(nd
N
fl
”%l
|
[»%
N
1]

Within the region of the approximations a simple linear representation

for 3-33 is ‘
e
f—l—dz'f-'Z//a, gfz(-‘l 3-34
Ry
3

Similary the integral for the other conductor is
z

1 1 _ _ 2 2
fmdz—ln[(zv. S)'I‘/(Zv g)+av:|

Fy - 3-35

+ 1In EI- zv)+ /(,(-zv)z +av2-]—21nav

The integral (3-35) is evaluated at the extremal values in order to find

a simple linear approximation.

2 .
_1__ dz', = 1n [[ (cos A + 1)] + 1n [ZQ(sinz .%_ + sin .%_)
R
12 z =¢ 3-36
-2 1n (,(sinA)
e
1
—— dz'l = 1n 2./+ 1n [2 g(sin2 Y + sin A—)J -2 1n (SsinA) 3-37
R12 2 2 .
5 2 =g -
A linear funcution which includes the end pointé in (3-36), (3-37) and (3-33)
is
siv &
k (z) T 1n (22 a" z ) - (_é.',_‘..z_) 1n (cos2 A ) 3-38
o “-5) 2

+1n(l+sin-i‘i)

A numerical calculation for z ® }0 a shows that only the first term in

(3-38) is important, thus



sin ZA
c(z) ¥ 2W¢, / 1n(g£‘a——'“—) 3-39
c'co = 8.85 x 10"12 IS’/m

If the length of the line is small compared with a wavelength, the line

can be represented as a lumped element. The total capacitance C is given

by ,2 ‘
C=f<:(z) dz , 3-40
C= Z“_Sof s 0z sin a7y - 42 3-41
8 a

The integral in (3-41) is related to the exponential integral given in

Jahnke-Emde, thus

_ 2TE,a ..21 - .y
¢ Temarny R sin(4/2) - 1i £2 sin(A/2) 3-42a

where

1i (u) = Ei (In x) , 3-42b

The total lumped ‘inductance for a short section of V-transmission line

is given by

A
f/(z) dz ‘ 3-43a
S :

L =
where s .
( (z) = inductanceger unit length

¥ 1 1 1 o

(z) = —= = -cosA . L1_ gz 3-44a
277370 Ry Ry
s

1 A .

Ty cosA 1n (2z sin 7) - lna 3-44b
0

With (3-44b) and (3-43a) the lumped inductance L is readily evaluated.

ZWQO L =11n (2:@ sin——z—-) - in (2 sin_z_) - ([—S) 3-45
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The Input Impedance of an

Arbitrary Length V-Transmission Line

The computation of the input impedance of an arbitrary length V-transmission

line is based here on the conventional transmissign line ecuations given by

:ig S (@ m Yz I ¥v=0 | 3-46
and
f’é%—wa;lnzi)%}--r‘zﬁo . 3-47
where
V = potential difference
i = current
Zc = charactenstic impedance

<

propagation constant

The charactenstic impedance for the V-transmission line is given approximately

by (3-39) ard (3-45).

. . A
2 Z sin
z = /:fl -120ln — 2. 3-48
C c a .

An approximate ‘solution of the transmission line e-uations is found by

linearizing 3-48, thus

Zc = ¢z + d, z, =z © zy ) 3-49

120 1n (z1/zy)

where c =

(zl - z.)
120 ‘2 z.S1in z sin
and d =———_ z,In( 0 2 ) - zgln(———— —

(z1 - zo) a




With (3-49) in (3-46) and (3-47) the transmission line equations are

reduced to

2
dv 1 AV 2
7 - — -&v=0
dz (z + z) dz
2, .
d ; _ 1- di -)*2i= 0
dz (z + z) 4z
where
: In (z)/z)
z, ln[Zzosin(AIZ)J - 1“[22' sin@®/2) ]
a : o a
Assuming an eI®t time dependance the solution of (3-50) is
t - >
V= ejA J [??z + z?] »
o
e¥* (O INE - (2) -
v(z,t) = - HO (z + zﬂ + H [YYZ + zﬂ
o
where Jo = Bessel function of the first kind and zeroth order;
1 -
Hos ? = Hunkel function of the first kind and zeroth order
2
H @) = Hankel function of the second kind and zeroth order.
o

ay

The outward traveling wave solution is concerned only with Ho

3-50

3-51



-2 -

Numerical Results

The computation of the driving point impedance of an inifinite length V-antenna
consists of two parts. The first is the input impedance of é truncated section
and the second part is the contribution of the remaining transmission line section.
When the transmission line section ié short éompared to a wavelength, it can be
replaced by a lumped reactance.

The truncated section was chosen to begin at a distance of one-tenth of wave-
length from the apex. Although this distance is arbitrary, a tenth wavelength
long transmission is easily replaced by a lumped capacitance. The driving point
impedance of the truncated antenna section is prop;ftional to QU; and the scalar
potential contribution which is proportional to p(%).

The value of'y% has been given in terms of related sine and cosine integral
functions. An approximate expression haé been given for p(§) and will be compared

to numerically integrated values.

Computation of the Input Impedance

-The relevant formula is (3-27)

1 - o e L 20 28]

o

where ¢v =¢vl’ - cosA 7vﬂ2 .



Table I 7/}; and30, for (5/0) = 0.1

(a/2) glil

102 2.1910 - j
1073 2.5975 - j
1074 6.8124 - j
1072 9.1150 - j
107° 11.4176 - j

A

apex angle cos A
20° 0.7570
45° -0.0421
60% -0.1518
900 -0.4673
135° +0.2591

1.5071
1.5637
1.5693
1.5699
1.5699
?DVZ

-j 1.2364
-j 0.6520
-j 0.3366
-3 0.2406

+j 0.1129

The scalar potential term p(g) was numerically computed and compared to the

approximate value in (3-34). For two sample values the error is about 20 per

cent.

Table II, Values

apex angle p(¢) (I.B
20° 8.166 -j 1
45° 0.72  -j
60° 0.10 -j
90° -0.178 -j
135° -0.018 -j
180° -0.178 -j

.M.7094)
0.52
2.63
1.507
0.639
0.276

0.205

of p§) for (s://\),= 0.1

p(g) from (3-34)

5.209 -j 10.42

-0.325 -j 0.544



The values given in Tables I and

"+

he input resistance

and impedance of the truncated V-antenna section. Representative values as

sumarized below

a/p
10-2

10

10~

10

Table III, Zjy and Y;,

for Q;/}) = 0.1

135°

135

133.

154.

138.

120.

43.

244

267.

250.

233.

155

307

330.

319.

296.

218.

467

491.
480.
456.

378.

80
94
05
52

03

.40

77

89

35

.56

.50

81

72

39

61

.84

16

07

73

91

Zin
-]
-]

-3

(ohms)

7

101.

137

196.

150.

90.

183.

219.

261.

231.

137

229.

265.

292,

277

253.

345.

382.

412.

394.

71

.99

6

37

85
12

39

04

78

.08

30

58

18

.96

50

71

90

95

38

Y

in (10

.8180  7.45 + j 0.435

4.51 +j

5.09 +j

2.26 +j

0.18 +j

3.59
2.545
2.258
1.903

1.993

2.714
2.042
1.852
1.711

1.747

1.652
1.361
1.275
1.204

1.266

+]
+]
+]
+]

+3

+]
+]
+]
+]

+]

+]
+]
+]j
+]

+]

mhb)

2.

4.

o

96

91

.70

.61

.336
.740
.974
.129

.975

.209

.415

.536

.686

.221

.248
.958
.014
.089

.318
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8/7\ A Zin (ohms) Yin(10-3mho)

10°® 20° 597.96 -j 334.67 1.273 +j 0.712
45° 602.95 -j 426.89 ©1.104 +j 0.782
60°  591.86 -j 463.17 1.047 +j 0.820
90° 568.53 -j 494.12 0.988 +j 0.870
135° 490.75 -j 475.54 1.050 +j 1.018

Representative values of the cappacitive cornection CT were computed
numerically from (3-28) and (3-29) and are compared for one case to the

approximate analytical value of (3-42).

Table IV A
Lumped Capacitive correction CT = c(w) dw

(‘3}) =0.1, £ =8.857 x 1072 S/,

ém &) A (Cy/2WE )
1074 1074 20° 7.325 x 107>
45° 6.665 x 107>
60° 6.493 x 107>
90° 6.301 x 10>
135° 6.177 x 107>
150° 6.157 x 1073
1072 1073 20° 1.816 x 1072
45° 1.446 x 1072
60° 1.367 x 1072
90° 1.288 x 1072
135° 1.941 x 102
o -2

150 1.234 x 10



(/) (a/n) A (C /2T )
1073 107% 20° 1.095 x 1072
45° 0.949 x 1072
60° 0.914 x 1072
90° 0.875 x 1072
135° 0.848 x 10’2.
Comparison of Numerical and Analytical values for (E/A) =6.7 x 10:§,
(alp) = 6.7 x 10
A (Numer.) (CT/ZFQ’O) (Anal.)
20° 1.747 x 1072, 2.23 x 1072
45° 1.365 1.44
60° 1.303 1.31
90° 1.246 1.30
135° 1.216 1.04

A specific example of the theory is concerned with a satelite borne V-antenna

(see N.A.S.A. drawing titled "RAE LIBRATION DAMPER ARRANGEMENT). The relevant

parameters are

Feed point distance S 0.65406 meters

6.33 x 1073 meters

Radius of antenna a
apex angle A = 60°

Table V - Summary of Important Parameters for RAE-V-antenna

Fre-(mc/s) A(m) (alp) G

1.31 229.00 2.7729 x 107° 2.8561 x 107>

2.20 136.36 4.6567 x 10™ 4.7965 x 1073

3.43 87.46 7.2604 x 1070 7.4784 x 107>

4.70 63.83 9.9483 x 10 " 1.0247 x 10'2_
6.55 45.80 1.3864 x 1072 1.4281 x 1072

9.18 32.68 1.9430 x 1074 2.0014 x 1072
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Impedances and Admittances

(mc/s) Z;, (ohms) Y, (x 1073)
1.31 424.5 -j 355.2 1.385 +j 1.159
2.20 398.5 -j 336.3 1.466 +j 1.237
3.43 377.0 -j 316.1 1.558 +j 1.306
4.20 361.4 -j 309.4 1.597 +j 1.367
6.55 345.7 -5 297.9 1.660 +j 1.430

9.18 329.2 -j 285.3 1.735 +j 1.503

Transmission line correction and final Driving point impedance and admittance

mc/s Cplx 10-3mho) Yo(x 10-3mho)_\ Zo(ohms)
1.31 007 1.385 +5 1.166 422.5 -3 355.7
2.20 .012 1.466 +j 1.249 395.2 -j 336.7
3.43 .018 1.558 +j 1.324 372.6 -j 316.7
4.70 .023 1.597 +j 1.390 356.2 -j 310.1
6.55 .036 1.660 +j 1.466 338.4 -j 298.9
9.18 049 1.735 +j 1.552 -320.1 -j 286.3

The computational procedure is straight forward. The input admittance of the
truncated section is first computed. The lumped transmission line admittance

is then added to give the actual driving point admittance.
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Appendix

Evaluation of integrals occuring in the Hallen integral equation for the
Traveling-Wave antenna.

Consider just the following integral
c

+, - 2
xp P(-] gu -] u? + a?)

(2 + a2)1/2

(a-1)

u=J1

1 ?= Ty -y u? + a2 : _ (A-2)

du

. +/2 4 42 1/2
then d'?: o8 a - -(uz i Mgy
(° + a%) (u® + a.‘)l/2

d?= Jr’?du/ /(.:2 + a2)1/4 | (A-3)

Since (du/ wl + az) appears in (A-1)

-T-d? du

e ‘.(uz + a2)1/2 (A-4)

With (A-4) in (A-1) with (A-2)

t
= ¥ e 4 _
'/';‘b- (2,22 ,? 7 (A-5)

With the minus sign in (A-1) let J (-) =;0o

o7
?é _ eJﬁo? - e’Jﬁo 7 d ? (A-6)

17 77

300='c1 (‘507) - jsi ((307) (A-7)-
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where of
Ci(x) = - cos t gt (A-8)
X ¢ ’ ’
X
and Si(x) = Sint g (A-9)
t

Since Ci (0) = 0 and Si @) =¥ /2, then for;Do the result is

W= -3 @2 -5t gayy (A-10)
with (Foa) <41
~ 1 \
= -1 -3 (/2 A-11
Bo = imgg s o
where g 1.781
Indt=0.5772

Consider now the evaluation of WV(S) which appears in (21)

o0 v
ZZJV(S) =fllz(z‘) K, §,z") dz' (A-12)
s R ﬂ R
-j 1 -3 12
where I%(zlzw = -e—gil)-— - COSAE'—%_— (A-13)

- - ' M . Y . .
Let;bv —%1 cosé4 %VZ where}é’ll is the part of}LY which contains R1

and;L“lz is the part which contains R,. In?ﬂv the substitution u = z-z
- . i 2 2 «_t P ¥ 1 s : 1
is made in R1 = [(z-2z')" + a© when zyz' and the substitution u = z' -2

1
when z'¢z. Thus for%1
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o0
;pvl(z) =f1(z') s’_J_fS_,"l_ dz' (A-14)
Ry
§
1/2
(Z'S) -j o(uz + az)
(z) = I(z-u)-== du
vi !; @? + a2
~ i, (2 + a2)1/2 i
+ | I(z+u) e o du (A-15)
[ (uz + é‘2)1/2

The function %(z) is approximated by its value at z =g’. With the

assumption Iz(z) = Ioe_j[goz then (A-15) is given by (A-10).
D ® = -ci( o) - 3772 - s1( )y (a-16)

The evaluation of %2 follows from the same substitution used for

¢v1 , thus

;/)Vz(z) =[1,,"
$ »

‘jﬂoV[2 + a?
=1I(u + zv) e =

o-iBoR12
R12

dz'

du (A-17)
3 (uz + a2 )\/7—
_ 2 2 _ |
where R12 = J(z - zv) ta’ ,z, =z cosA {A-18)
av2 = a2 + z2 sin A
and 5 =§(1 - cosA) (A-19)

Note that in (A-17) it has been assumed that z'>zv ’

34,2
with I(z) =1 e J(go then
° o

R "f b |
VZ(Z) = e ——%— 7Z (A-20)
SY
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Doy 2 =8) = et GE) -5all2 - s ZAMY (a-21)

where ?v =5+ g’ + av2 ' ) (5'22)

forS 2)7a2

§y

2§ lsin? d/2)+ sin(A/Z)J _ (A-23)

The integrals which appear in the potential contribution in the integral
equation are more difficult to evaluate. The integral p(§) in (16) is

given by p(z) by replacing z with gand making the substitutions

. 2y
u=z"'-2 = z'-gcosA,andIZ(z)=Ioe:f3°

v
o0 -
-3 -iPoR12
p§) = Lol Jlgoz' E_J_ﬁg___ Q+ j(QORIZS)z' dz' (A-24)
o 3 '
p 5 (Rl?ﬁ)
where
Ry .6 =J(z' -§ % +a 2 - (a-25)
g = $ cos A
v (A-26)
av2 = a2 +Sz sinzA
After the substitution u = z' S:cos A

| w2 + )

'jﬁ u a
P(S) {30 cos A Eﬁl—f Ou e( 20+ 7377 du
; u a_“)

v

@ A ay2)!/?2

+ j[ue-JFOL e’ )70 5 du
. : (u2 + a,")

]
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+ S COSA e'jPO SCOSA{[j'j(ﬂOU)e'j o dl,.l
s )3

ST AN AN
+ 3 2 du
(2 + a,%) '

§

2 2 v dy

The éubstitution ve = u” + av2 is made in (A-27), thus

L 8
ARG - 22
p(s) = e-jFQSCOSA fe Jﬁ(v aV e-j.ﬂov
.2 2
S tay

] w " 2 - a 2 _s v
| e‘Jﬁol‘V v eJ,Bo dv
v
‘/§2+ av?'

dv

«vz

[2 a2z .
’\12 av e_J OV

Sl gl
/52 + avZ

- - jﬁov
vz(v2

v

dv
- av?' )2

D
_-F]uz_avz
+je 1o’
) .
’.‘_+a2
v

where § =§(1 - cos A)

v2-a
v

v3

dv

(A-27)

(A-28)

(A-29)



Since over the range of interest v2>> av2 = a2 +,§2 sinzA except

near the lower limit (where the contribution is small) the following

approximation is made

51/2

2 (- at
e‘Jﬂo _ = e-j!?ov_

v - -
v

With (A-30) the approximate value for (A-28) is

o) ' o) g
] . v -
P(}) = e-j({gogcos‘) 1 fe-_]zlgo dv + _j[.___._._e-Jz‘ ov dv

-j/g’os cosA 1
¢

+5 cosA e

o
2"&%
2
o
< |
W N
o
<
(=9
<

- +
where av s{ av
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After integration by parts

B Scos Ay 283
-p(&)=e‘3q8° cos 8L 2Poiv - [‘Ci (2f,3,)
B

. '2 -
-3 (ﬁz - Si(ZPoévél + _5 cos e ] lgoa"
zﬁoavz

. 2 -
+M{e-j2{;oav 1 +J_ 4 ﬂo - jﬂoz

2 - 4
4ﬁoav 621V 6av 3 a

3 - -
- -2%50_ [- Ci(Zﬁoav) -‘j (772 - si 2F0av)] ‘ ‘(A-32)

Where év? = :'ivz (z =S’) =$2 sinzA + a4+ ;2
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.Driving-Point Impedance and Current for Long Resonant Antennas

‘Most analyses of the distgﬂbugion of current and impedances of cylindrical antennas
yieid accurate results only for antennas thaﬁ are not ﬁuch loﬂger than éboﬁt th
wavelengths kl]. An important exception is the work of Wu [2] which utilizes the
Wiener—Hoﬁf technique to analyze Qery long antennas. However, no simple formula fof
the current is given. For some applications, such as‘problems in superposition, a
simple trigonometric represenéationhof the current and thevcorresponding driving—point‘
impedance of Qery long antennas is useful. Such a re;;esghtation has been obtained for
resonant antennas.

An examination of measurements made on»long angenna; [3—6] shows that for résonant
antennas [6) the current is approximately trigonometric in form and nearly constant in
anmplitude. ﬁowever, no ;uch simple form obtains for the currents along aﬁtiresonanf

antennas [6],
‘ .
The desired simple formula must be an approximate solution of the following
integral equation for the current in a cylindrical antenna, of 1ength 2h and radius a,

center driven by a delta-function generator Vb:

h _ ,
- - 4 |
B fIz(z')K(z,z')dz' = —jzl(c cosBoz.+ 0} Vosinsolzl) (¢))

-h ° \ .
where K(z,z")= Rflexp(—jBoR) with R = /(z—z')2+a2, Ty = 120 ohms, B°= 2x/A, and ais
the radius of the antenna. The experimental results [6] shown in Fig. 1 suggest that
the part of the current that gives risé to the conductance is cosinusoidally distributed
when Boh = nn/2, n odd, with a maximum at z = 0. The part of the current that‘determines
the susceptance resembles a cosine with its maximum shifted by an angie Bos at'the base.
Values of Bos as obtained from Altshuler's curves are sos = 0.144, 0.20n, 0.237, 0.257,
0.25z, respectively, for g h = 1.5, 2.57, 3.5m, 4.57, and 5.57. An approximate value,

especially for longer antennas, is BoS = x/4 or 45°. Since a cosine with a phase shift

The work presented in this paper has been supported by the National Aeronautics
and Space Administration under Grant No. NsG 355 with Northeastern University and
Grant No. NsG 579 between NASA and the President and Fellows of Harvard University.
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is not zero at z = ih, this distribution must be modified near the ends so that it
vanishes at z = th. A suggested approximate form for the current in the ran

0<z <his .
: Iz(z) = Vo[j? secﬁos cosBo(z—s) + G cosBoz + £(z)] - (2)

wvhere B is the susceptance and G the conductance of the anteﬁna. Note that symmetry
requires that I(-z) = I(z). In (2) £(z) is to be constructed so that Iz(z) vanishes

at z = th, The distribution cosBo(z-s) is valid in the range 0 5 z < h vhereas f(z)
must be non-zero only in the range (h-s) < z < h. Since t'he coefficient of cbssoz
1must be complex in the solution of (1) whereas G in (2) is real, a somewhat generalized

form of the current is required. It is

COsp 2z
80

cosBol

Iz(z) = jA{—cosBo(z-z) + H(z—z)[co§80(z-£)— 1} + (Dr+ jDi)cosBOz - (3)

This is valid in the rénge 0 <z <h. 1In (3) H(t) is the Heaviside function defined
by H(t) = 1, t > 0; H(t) =0, t < 0. In (3) the phase shift Bol is related to the -
observed shift 8°s in the quadrature component of the current by the relations,

A sinBol = -VBB sinBos.secsos and A cosBol = Di-VoB. These lgad to

cos B % - sin B £ cot BPS = D,/A . _ (4)
or, with the approximate value Bos = u/4, to

cos B % - sin B ¢ = D /A . )

The first étep in the solution of (1) is the rearrangement of the right-hand side

into a form which resembles the current in (3). Thus

h N
, v :
1\ - 4_." -— '
flz(z X(z,2")dz' = -jCOICICOSBoz + sinB_t COSBo(z )] (§)
-h

The next-step is to substitute the current (3) in (6). The only part of the resulting
integral which behaves like cosgo(z-z) may be shown to be (a discussion of the integrals

involved in (6) is given in Reference 7)
h
Re f cosBo(z'—l)K(z,z')dz' ~ cos Bo(z-i). . (@)
~h »



- 43
i

-

1f, with (7) the coefficients of cosBo(z—l) in (6) are equated and higher-order terms

are neglected, A is given by

A = -l-’l vo ‘ . (8)
g, YCR(l) sinBoz ‘
where ,
o YCR(l) = Re[cosBoz Ca(h,l) + sinBol Sa(h,z)] : . . (9)-
and - h e-jBokl ) h : e-jsokl
Ca(h,z) = fcosBoz' = dz' Sa(h,z) = fsin&olz'| R dz' (10)

The constant ?CR(E) is the proportionality factor in (7); Thus, the integral is re-
placed by a trigonometric function with the amplitude YCR(l), which is evaluated at a
point of maximﬁm current, z = £, ‘

The coefficient D = Dr+jDi in (3) is determined by evaluating the integral equation

at z = h with Boh = E% with n odd. With (10) the result is

h-2 . h ‘ 4 h h-2
. A
-JA fcosBo(z'—!.)K(h,z')dz'+D fcosBoz'K(h,z')éz'-;cossog (f—f )cosBoz'K(h,z')dz'
~(h-2) v ~h _ =h -(h-2) (11a)
4n o oA nn
“37 SinB L cosBo(h—l) = -jl _Vosin~i
(] () o
since Boh = E-;-with n odd.. Or, in a compact form,
ol nw
~JAY  (h) + DY, (h) - JAY, = -JAY (%) sinB 2 sin— | (11b)
wvhere, with h = nA/4, n odd,
Ycl(h) = cosBol Ca(h—l,h) + sinBok Sa(h-z,h); . ‘12)
Ycz(h) = Ca(h,h); TC = [Ca(h,h)-ca(h-z,h)]secBol (13)
The D coefficient is given by (11) with n odd in Boh = nn/2. Thus
1 ) . ‘nn .,
D —jA[‘YCI(h) + Yo~ \PCR(z)smsoz s:ln—-z- ]/vcz(h) (14)

The expression (3) has three unknown parameters, the coefficients A, D = Dr+jDi,

and the phase shift Bol With the observed phase shift BoS known, the phase shift

BOL is found by equating (4) fo the value of (Di/A) given by (14). The result is the
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transcendental equation
1 nw
D, [7,(h) + Yo - Yop() sing ¢ sin 2]
Yol -Re cosf £ - sinf % cotB s. (15)
o o o
Ycz(h)

. The value of 802 given by (15) is then used to gompute A in (8) and D in (i ). Thus,
all parameters can be computed explicitly.

The transcendental equation (15) was programmed on the IBM 7094 computer with
ﬁos &= {-. The Newton-Raphson method was used with phase a:;gles restricted to the first
' quadrant. The relevant integrations were performed by a Romberg method in which the
maximum error-can bellimited to a predetermined value. The results are valid to four
significant figures. The driving-point impedance and admittance and the current were

2 1n 2%-= 10 and 20 in the range 0.25 < h-f 10.75. The values of

calculated for 9 X

Zo, Yo, A, D and é'are given iﬁ the Table. The complete current can be constructed
_ from this table with (3).

The present theory is comparable in accuracy with the second-order King-Middleton
theory [1] and the long antenna theory éf Wu [2]. For example, the King-Middleton

A
for @ f.lo, %-= 0.25 the King-Middleton [8] theory gives Yo= (9.27 -~ j4.62)x10—3,.the

theory for 2 = 10, L 0.75 gives Z°= 127.6 + j43; the present theory Zo= 118.9 + 339.77;

present theory Y°= (10.34 - j4.79)x10~3. For lénger antennas the theory of Wu [2]
gives Z,= 191.35 + j50.48 for @ = 20, %'= 5.25, and z= 218.75 + j41.95 for Q = 20,
%-= 10.75. The present theory gives, respectively, Zo= 185.93 + j49.14 and Zo=

220.86 + j50.82. Some of the error in the present theory is due to the fact that the

%'and is also generally a function of Q and %-.

The variation of this phase angle is shown in Fig. 2 based on the experimental work of

phase angle Bos is not exactly equal to

Altshuler [9] and the theory of Wu [2].
A sample theoretical current for 9= 10 and<% = 0.75 is shown in Fig. 3 together

with experimental results by Altshuler [6]. The agreement is quite good. It has been
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verified that compaféble results obtain vhen LI 0.25, 'A comparison of the neﬁ

A

approximation with the more exact theory of Wu for Q = 20 and‘% = 5.25 is given in

Fig. 4. The excellent agreement indicates that a simple approximate representation

of

the current and impedance of long resonant antennas has been determined.

Mrs. Patricia Comella of NASA Goddard Space Flight Laboratory assisted in

programming the new theory. The impedance and current predicted by ﬁhe theory of Wu

was programmed by Dr. C. L. Chen of Harvard University.

(1]
(2]

(3]

14]

[5)

(61
7]

(8]

- (9]

Ronold W. P. King
Gordon McKay Laboratory
Harvard University, Cambridge, Mass.
Sheldon S. Sandler
. Electrical Engineering Department
Northeastern University, Boston, Mass.
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Table of Driving-Point Impedance, Admittance and

Current Parameters for Resonant Antennas

" A, D and Yo in millimhos, Zo in ohms

Q = 10

h 1

) A A D Yo zo
0.25 | 0.084 3.92 10.34 - j1.41 10.34 - 34.80  79.5 + 336.9
0.75 | 0.125 3.57  7.56 - §0.00  7.56 - §2.53 119.0 + §39.8
1.25 | 0.143  3.79  6.44 + 30.62  6.44 ~ §1.73  144.7 + 38.9
1.75 | 0.154  4.09  5.72 + j1.06  5.72 - §1.25 166.8 + §36.4
2.25 | 0.162 4.43  5.17 + j1.43  5.17 - 30.90 187.8 + §32.7
2.75 [ 0.167 4.82  4.69 + j1.78  4.69 - j0.62 209.6 + j27.6
3.25 | 0.171  5.19  4.29 + j2.09  4.29 - §0.38 231.5 + 320.8
3.75 [ 0.174 5.59  3.91+ j2.39  3.91 - §0.18 255.5 + §12.0
4.25 | 0.176 6.01  3.55 + 32.69  3.55 - §0.00 282.0 + j 0.3
4.75 | 0.178  6.45  3.20 + j2.98  3.20 + j0.16 311.9 - j15.5
5.25 | 0.179 6.92  2.86 + §3.28  2.86 + 30.31 346.1 - §37.3
5.75 | 0.181 7.41 . 2.51 + j3.58  2.51 4 j0.45 385.7 - j68.5
Q = 20

h L

A A A D Yo Z,
0.25 | 0.045 3.19 10.08 - j2.16  10.08 - 35.23  78.2 + j40.6
0.75 | 0.072 ~ 2.23  7.70 - §1.03  7.70 - §3.04 112.3 + j44.4
1.25 | 0.085 2.00  6.86 - j0.70  6.86 - §2.42 129.7 + §45.8
1.75 | 0.094 1.90  6.37 - §0.52  6.37 - j2.09 141.7 + j46.6
2.25 | 0.101 1.84  6.03 - j0.40  6.03 - j1.88 151.1 + j47.2
2.75 | 0.106 1.80  5.78 - §0.31  5.78 - §1.73  158.9 + §47.6
3.25 | 0.110 1.78  5.57 - §0.24  5.57 - j1.62  165.6 + j48.0
3.75 | 0.052 3.36  8.68 - j2.11  8.68 - §5.29  84.0 + 51.2
4.25 | 0.053 3.36 . 8.62 - j2.09  8.62 - §5.27  84.4 + 351.6
4.75 | 0.119 1.76  5.14 - §0.10  5.14 - j1.38 181.5 + j48.9
5.25 | 0.121 1.75  5.03 - §0.06  5.03 - j1.33 185.9 + §49.1
5.75 | 0.123  1.75  4.93 - j0.03  4.93 - §1.28 190.0 + j49.4
6.25 | 0.125 1.75  4.84 + J0.00  4.84 - j1.24  193.9 + j49.6

6.75 | 0,127  1.76  4.76 + j0.03 4.76 ~ j1.20 197.5 + j49.7

7.25 | 0.081 2.40  6.90 - 30.92  6.90 - §3.02 121.6 + §53.2
7.75 | 0.055 3.36  8.36 - §2.02  8.36 - 35.18  86.5 + §53.6
8.25 | 0.056 3.36  8.33 - §2.01  8.33 - 35.17  86.7 + j53.8
8.75 | 0.082 2.42  6.83 - j0.91  6.83 - j3.01 122.7 + j54.1
9.25 | 0.133  1.77  4.45 + j0.13  4.45 - §1.05 2I3.0 + 350.5
9.75 | 0.134 1.78  4.39 + j0.15  4.39 - j1.03 215.7 + 350.6
10.25] 0.135 1.78  4.35 + §0.17  4.35 - §1.01 218.3 + 3§50.7
10.75] 0.136  1.79  4.30 + j0.18  4.30 - J0.99  220.9 + j50.8
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(Boh = 377/4)
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~--~ RESONANT ANT.

Milliamperes per volt

Figure 3. Comparison of resonant

antenna theory with experiment
for Boh = 3n/4, Q0 = 10,
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an

enna theory with the theory
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Optimum Loading Resistance

Values for the V-antenna

The computation of the optimum value of loading resiétance for the
V-antenna is based on values computed for the single leg. The optimum
value computed here is based on the criteria of a maximum outward
traveling wave distribution of current on the section between the
driving point and the loading resistance. This use of the single leg
calculations for the V-antenna is valid when the coupling does not
effect the distribution of current. Two basic types of resistively
loaded traveling wave antennas may be distinguished. One type has a
resonant section before the resistance and the other type an anti-
resonant section. The former type may be completely mnalysed with a
superposition of resonant dipoles and the other by antiresonant di-
poles. The theory of the arbitrary length resonant antenna is given in
this report. Based on this analysis and the superposition outlined by

Altshuler (E.E Altshuler, "The Travelling-Wave Linear Antenna", Cruft

Laboratory Sci. Rpt. No.7 (Series 2), Harvard University, May 5, 1960)

the current and driving point impedance were computed for different
values of antenna length and diameter. An example of the results for
the single leg when the total length h = 0.75 and the resistance is

located at hl = 0.50 is shown in Figure 1. The magnitude of the total

antenna current is plotted for different values of the load resistor R.



Note that a value of R = 350 ohms produces the best traveling wave
on the section from the driving point to the resistive termination.
This antenna is moderately thin (£L. =10 = 2 1n(2h/a)) and the value
of R-opt. will be seen to be not only dependant on the value of

but also on the electrical length. The value of R-opt = 350 ohms
compares favorably with the experimentally determined value of

R opt = 320 ohms found by Altshuler. A more detailed plot for a
longer antenna is shown in Figure 2. Note that the standing wave is
minimised at the value of R = Ropt. The accompaning shows the values
of input impedance and Ropt for a single antenna for various values

~

of h, h, and L. .

1
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Series I, Omega = 20

h hy Optimum R Z (T)

0.75 0.50 750.00 935.349 23.482
2.25 1.50 550.00 751.098 36.669
3.75 2.50 550.00 786.944 33.224
5.25 3.50 550.00 770.823 43.100
6.75 4.50 400.00 661.349 36.722
8.25 5.50 650.00 895.843 40.018
10.75 6.50 350.00 619.948 41.442

Series II, Omega = 20

1.25 1.00 900.00 1119.487 28.117

3.75 3.00 550.00 767.075 139.602
6.25 5.00 700.00 970.081 30.727
8.75 7.00 350.00 630.937 36.041
11.25 9.00 750.00 977.872 47.945

Series I, Omega = 30

0.75 0.50 700.00 922.419 . -0.142
2.25 1.50 550.00 751.497 36.910
3.75 2.50 500.00 792.156 16.558
5.25 3.50 450.00 763.805 -52.370
6.75 4.50 400.00 666.946 36.355
8.25 5.50 750.00 1002.231 35.617
10.75 6.50 350.00 604.272 36.426

Series II, Omega = 30

1.25 1.00 950.00 1106.166 43.404
3.75 3.00 550.00 782.123 36.712
6.25 5.00 950.00 1128.387 41.120
8.75 7.00 300.00 657.889 -38.995
11.25 9.00 950.00 1159.387 51.487

Series I, Omega = 40

0.75 0.50 700.00 923.007 -0.552
2.25 1.50 550.00 751.401 36.764
3.75 2.50 500.00 793.175 16.325
5.25 3.50 400.00 723.553 346.741
6.75 4.50 400.00 667.020 36.379
8.25 5.50 750.00 1003.696 38.973
10.75 6.50 350.00 621.361 42.933°

Series 1I, Omega = 40

1.25 1.00 950.00 1105.632 44.400
3.75 3.00 550.00 782.209 36.963
6.25 5.00 950.00 1126.735 41.922
8.75 7.00 350.00 643.257 34.009

11.25 9.00 950.00 1159.084 51.342
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SECTION IV

LINEAR TRAVELING WAVE ANTENNA

CALCULATE Yy = I,(0) , 2 = 1/¥p

and IT(z), in steps of z/ = 0.25 to zZp\= h/l\
STEP 1
Ia(z) is calculated for a given h and a.from the general current and
impedance . calculation
NEED Ys = Is(o) and Is(z), for (%) =h
STEP 2
I (z) is calculated for a given (h - hl) = value of height from the

ul

general formulas with z replaced by z - h1

NEED = 2 table value Y ; = 2 Iul (hl) z = h, admittance at

1
Z
and Iul(z) for h1 =z £h
STEP 3
ILl(z) is calculated for a height = h + h1 from the general formulas

replace z by h, - z,

1
STEP 4
Y, Y
1
Calculate YA1 = Ll
Tul + vp5
STEP 5
Calculate I Y
._AH_]_'. = YAl 1 l(z)
u
VD ul
STEP 6

Calculate 1

vy YLl

Y



STEP 7
Note IAL2 - IAul('z)
Vp Vb
and IAuZ(h) ) IALl (-h)
STEP 8
I Iya® N Lpug®
v V] V
D D D
Is(h1)
STEP 9 ID(z) ) Ys T, (o) ID(z)
Vs Yp +.1 vp
R
where R is given in ohms
i»I])(h)
p Vp
STEP 10
) B Ip(z)
j Finally IT(z) = Is(z) + Vs
compute YT = Ip(o) and Zp = IT(O)

and plot I,;(z) for 0 £z%h

R, h, h1 given (a/)) radius/ wavelength

Note Y 1= twice the admittance of the corresponding dépole
—/ u

Y . = depole
Ll P
small z = distance along antenna
| large Z = impedance
a-Al = radius of antenna cross section
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Current and Impedance for

Resonant Antennas

Input:

Coefficients A and B as computed in "Grunwald-Weber Program'
Resistance R

Computations involve use of the following formula to compute the
three component currents:

I(z) = -jA cosp (z - .125) + B cosﬁz + £(z),

where f(z) is a correction factor effective only near the end of .

the antenna. “

Succeeding formulas for the computation of the final current can be

traced through the program using the attached she#ts.

Output consists of

1) the current for each component antenna after the coordinate trans-
formation; '

2) interm®diate values at Z = hl;
I (z)
H

Vs

3) final results - Z, I, (z), and

4) plot of Z vs. I g (2)
The program may be run for as many values of R and as many values of

h as desired.
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~ MAIN I T T 01709766
EXTERNAL FORMULA NUMBER -~ SOURCE STATEMENT - !NTERNALHFDRHULI

SANDLER = CURRENT AND IMPEDANCE CALCULATIONS - ORIGINAL DECK
A/LAMBCA = 2H/3 X .1E~C3

CIMENSION IV(SOO),IS(SOO),IL(500),1LM(5003,172(500).10(500).
““'“XIDS(SQO).ABV(500).ZR(SCO).GRAPH(ZUOO),NSCALE(S;;Aalsoo).ZRR(SOO)T”' T
CIMENSION ZDR(5C0),AD(500)
CIMENSION RZ(500),ABB(509) ’ T I )
COMPL =X H.HI.A.B,YO,ZO.TMDPI'R.ARG3,ARG4,Z,ARGI.ARGZ,FZ.IVHI.YV,
XYS.ILFl.YL,YA.ISHl.F.IZ,IV,IL,IS'IAV,IAL,ID,IDS.ITZ'YTZ.ZTZ'YD. ST
XILM,1AV2.ILH.ILMHl.IALHl,IAVZHl.Zl.Zz.za.Mz
" REAL MAX,MIN ST I
CATA RAD, TWOPI1/57429578, (6.2831853,0.)/
ARGI(X)=TWOPI=#(X-.125) T T e
ARG2(X)=TWOPI=xX
FZ(X)z—(O..I.)*A*(((CCDS(ARG3)/CCDS(ARG4))—CCOS(TwOPI/B.))*CCOS
X(ARGZ(X))—CSIN(TNUPI/B.)*CSIN(ARGZ(X))) ,
11 REAC (5,101) HH,HH1,FRR : ST o
WRITE (64102) KH,HH1 h -
REAL (5,100) A1,BRP1.B1P3.Y0R1.Y011.20R1,ZOII.AZ.BRPZ.BIPZ.YORZ._ B
XYDIZQZURZ:ZOIZ’A395RP3131P3'YOR31Y013'ZDR392013
) K:l - -
10 REAC (5,103) RR
R=CKEPLX(RR,0.) ' T T T e o R
If (K.NE.1) GO TO 4
FE=CMPLX(HH,0.) S T T ' T T
Hl1=CMPLX({HH1,0.) ’
FI=REAL(20,%H+1,)
N=FIa2,-1, :
- NN=N/ -1 ] o . o . L
NH=AN/2
ARG3=TWOP1#%#(H-.25)
ARG4=TWOPI=&(H-.125)
E INDEX (M) DETERMINES CCEFFICIENTS A AND B QUTSIDE z-iLgop
INCEX (N) CETERMINES RANGE OF Z-LGOP
]_‘M:]_ - - . ’ R -
WRITE (6,107)
A=CVPLX(A1,0.) ) )
B=CMPLX(BRPi,BIP1)
211=(0.,0.) S ' ‘
IVH1=—(O.s1.)*AiCCOS(ARGi(Zl))+B*CCOS(ARGZ(ZI))
Yv=20‘IVH1 ' -
Z=-({H+H})
GO 70 4
2 ¥=2
WRITE (6,108)
A=CMPLX(A2,0.)
B=CMPLX(BRP2,BIP2)
ISH1=—(O..1.)*A*CCDS(ARGL(HI))+B*CCDS(ARGZ(H1))
Z=(C.,0,.) ]
YS=~(C..1.)*A*CCOS(ARGl([))+B*CCOS(ARGZ(Z))
I=-F
GO 10 4
3 p=3 e . C e

i




MAIN N 07/09/66 .
: @MEXTERNAL.FORMULAVNUVBER,.:TV,MSUURCE_STAIEMENI,“W.TWMMINTERNALMFURHULA

HRITEC {&,109)
A=CNPLX(A3,0.)
_ B=CMPLX(BRP3,BIP3)
22=(2.,0.)%H1
ILME1=-{0.,+1.)2A%CCOS(ARGC1(Z2 ))+B8=CCOS{ARG2(ZZ ))
23=(0.,0.) '
ILH1=-(0.+1.)#A*CCOS(ARGL(Z3))+B=CCOSIARG2(23))
YL =2.#ILH1
YA=(YVaYL)/(YV+YL)
TALEY=(YA/YL)=ILH1
TAV2H.=(YA/YL)=ILMH1
| YD=I1ALH1+IAV2H1
. I=Hl+r
| 4 CO 5 [=1,N
IF (K.NE.1) GO TO 20
F=(-3.:O.)
~IF (ABS(REAL(Z)).GT(REAL(H)-.125)) F=FZ(Z)
IZ=~(Cey1e)*A%CCOS(ARGLI(Z))+R«CCOSIARG2(2Z) )+F
IF (M-2) 6,7,8
6 IvViI)=1z
IF (RZAL(Z)aLT404) IVII)=(0e+0.) B e
IF (REAL{IV(I))oNE.Oe) WRITE (6,105) Z,IV(I)
GO 10 9
7 IS(1)=12
ZR(1)=REAL(Z) o
WRITE (5,105) Z,IS(I)
GO 10 9
B8 IL(I)=1zZ
TEST=-0.001
IF (REAL(Z)eGTee5.0RREALIZ)4LTSTEST) IL(1)=(0450.)
IF (RALCTIL(I)INELOL) WRITE (6,105) Z,IL(I)
NZ=-7
ILM(T)=-(0.,14)#A%CCOS(ARGL(MZ))+B*CCOS(ARG2(MZ) )+F
TAV=(YA/YV)=IV(]) ) ' i
TAL=(YA/YL)=IL(I)
TAV2=(YA/YL)=ILM(I) ' S '
IDET)=(2.5YA/YL)#CCOS(TWCPI#Z)%(=(0441e) #A3%CCOS(TWOPI={HiI~125))
X+B3=CCOS(TwOPI®H1)) o o ‘ '
IF (RZAL({Z).GE.REAL(H1)) ID(I)=IAV+IAV2
20 IDS(I)={-ISH1/( YD+1./%))=1ID(])
ITZ(I)=1S(1)+ IDS(1)
ABV(I)=REAL(CABS(ITZ2(1I)))
IF (I-AN) 23,22,21
.21 MAX=AMAX1(MAX,ABV(I))
MIN=ANIN1 (MIN,ABV(I))
GC 10 23
22 MAX=AQV(I)
O MIN=AEV(I)
23 2=1-.1
. IF (FLOAT(I).NE.FI) GO TG 9
YTZ=1TZ(1)
I72=1./YT2
ABSVAL=REAL(CABS(ZTZ))
TANPHI=AIMAG(ZTZ)/REAL(ZTZ)
PHI=ATAN{TANPHI)*RAD
79 IF {I.NE.N) GO TO 5




e i e e S e . g 60 - - e [ JE S—

“MAIN ' ' ‘ o ' - 07/09/¢66
EXTERNAL FORMULA NU#BEZR - SOURCE STATEMENT - INTERNAL FORMULA

IF (M-2) 243,5
5 Z=7+.(5
IF (K.EQel) WRITE (6,4111) IVH1, ILHl,ISHl,YV YS,.YL, ILMHl,YA,YD
WRITE (6,1C4) RR
WRITE (64110) YTZ,2TZ,ABSVAL,PHI
WRITE (64106) (ZRUIDSITZ(I)IDS(I)}ABV(I)sI=NNyil)
CO i2 I=1,4NN
J={I-1)4NN
ZO0R(I)=ZR(J)
12 AD(1)=ABV(J)
Co 13 K=1,NH
ZRR{K)=2DR(2#K-1)
13 AB(K)=AD(2=K-1)
NSCALE(1)=1
NSCAL:Z(2)=0 ' :
NSCALE(3)=3 . S -
NSCALE(4)=0
NSCALE(5)=5
CALL PLOT1 (NSCALE,10,10,10,10)
CALL PLOT2 (GRAPHsMAXsMINyH,0.)
IF (HF-3.75) 14,15,15 *
14 CALL PLOT3 (1H=,AD,ZDR,NN\) ' T ' ) e
GO TO 16
15 CALL PLOT3 (1H=,AB,ZRR,NH)
16 CALL FPLOT4 (33,33H GRAPF OF ABS VAL OF CURRENT VS 2)
100 FORNMAT (6E12.5) ’ N
101 FORMAT (3F12.3)
102 FORMAT (1H1,20H COMPUTATIONS FOR H=F8,5,8H AND H1=FB8.5,19H BEGIN 0
XN THIS PAGE)
103 FORMAT (FB.2)
104 FORMAT (1Hl,4H R =FB.2)
105 FORMAT (4E203.5) I -
106 FORMAT (1HO,4H 2+29X+5F I(T)439Xs8H I(D)/VS,424X,12H ABS OF I(T)/
X{FT7.2,5Xy2E20e5+45X92E2C4395X4E2045))
107 FORMAT (1H0D,19X,7H 2Z=Z-Hi1,36Xs6H 1(U1))
108 FORNMAT (22X,2H Z+38X,5H I{S))
109 FORNMAT (19X,7H Z=H1-Z,36Xs6H 1{L1))
110 FORMAT(1HO,7H Y(T) =2E18.5/7H Z(T) =2E18.5/15H CABS OF Z(T) = £
X18.5/14H PHASE ANGLE = E18.5)
111 FORMAT (1HC/9H IU1(H1)=2718.5/9H IL1{H1)=2E18.5/8H IS(H1)=2E18.5/
XTH Y({Ul)=2E18.5/6H Y{(S)=2E18.,5/7H Y(L1)=2£18.5/10H IL;( H1)=2E18.5
X/TH Y(A1)=2E18.5/6H Y(D)=2E18.5)

K=K+1
IF (RR ,EQ. FRR) GO TO 1:
GO 10 io

~ ENC
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V-ANTENNA RADIATION PATTERNS

IDEAL CURRENT, EXACT SOLUTION

INPUT* : VARIABLE FORMAT
CARD 1 : BETA E16.8
CARD 2 :H, DH, HNO 2F7.2,15
CARD 3 : H1, DH1 2F7.2
CARD 4 : HALF, DD2, DNO 2F7;2,IS
CARD 5 : THET(1), DTHET, THENO 2F7.2,15
CARD 6 : PHID(1), DPHID, PHINO 2F3.2,15
CARD 7 : TORP 15

% INPUT EXPLAINED AT BEGINNING OF PROGRAM
TO PLOT PATTERNS: ADD THE FOLLOWING CARDS
DIMENSION GRAPH (2000)
AFTER 1175 and WRITE (6,5).....
WRITE (6,12)
CALL PLOT 2 (GRAPH, 180.,0.,0.,-30.)*
* LOGK2 aSSumed'}- - 30.
CALL PLOT 3 (§#% PHID, LOGK2, PHINO)
-CALL FPLOT4 (29, 29H...DECIBELS...)
WRITE(6,8)
8 FORMAT (30X, 3HPHI)
AFTER 1275 and WRITE (6,6)...
WRITE (6,12)

CALL PLOT 2 (GRAPH, 180, 0., 0., -30.)
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CALL PLOT 3 ( H*, THET, LOGK2, THENO)

CALL FPLOT4 (29, 29H...DECIBELS...)

THIS IS THE UMPLOT PLOTTING ROUTINE
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VPEC ) 07/07/66

EXTERNAL FURMULA NUMBER - SOURCE STATEMENT - INTERNAL FORMULA

V-ANTONNA IN XZ-PLANE
PHI-MEASURED IN XY-PLANE FROM X—AXIS

THETA- ANGLE BETWEEN Z-AXIS AND ANY LINE THROUGH ORIGIN
H-ANTENNA LENGTH/LAMBDA

HL-ANTENNA LENGTH UP TO RESISTANCE /LAMBDA

DEL2-HALF ANGLE

AS1=INT(D.,BH1) OF (EXP(J*#Y®(-1+STH#CPH*SD2+CTH=CD2))DY)
+H{EXP(~J#BH1)/SBHH1) #INT(BH1,BH) OF (SIN(BH-Y) #EXP(JeY=s( STH#CPH=SD2

+CTH=CD2))DY) _
ASZ==INT{J.,BHL) OF (EXP(J=Y#(-1-STH=CPH#*SD2+CTH=CD2))DY)
—(EXP(-J*BH1)/SBHH1) *INT(BH1,BH) OF (SIN(BH-Y)*EXP(J#Y#(-STH2CPH#®SD2
+CTH*CD2))DY)

(K(THETA,PHI) ) ##2=ATH#*CONJ (ATH) +APH=CONJ (APH)
ATH=THS1®#AS1+THS2#AS?2

APH=PHS1 #AS1+PHS2#AS?2

THS1=SN2«CTH#CPH~-CD2*STH

THS2=-SD2#CTH#CPH-CD2#STH

PHS1=-SPH=SD2

PHS2=SPH=SD?2

DIMENSION PHID(ZGO),KSQ(ZOO),THET(ZCO),LOGKZ(ZCQ)

REAL KSQ,LOGK2,MAXK?2

INTEGER HNO,H1NO,DNO,THENO,PHINO ,TORP

COMPLEX ASI,ASZ,ATH.APH,JATH,JAPH,KQ.FACTOR.REALI.COMPI,REALZ,
1 comp2 '

TORP=1 THETA CONSTANT. PHI VARIES

TORP=2 PHI CUNSTANT. THSTA VARIES

HNO - NUMBER OF H(N) S.

DNO - NUMBER OF DELTA/2

THENO - NUMBER OF THETA S

PHINO - NUMBER OF PHI S

DATA RAD/1.74532925FE-02/

WRITE(6,12)

READ(5,1) BETA

READ(5,2) H,DH,HNO,H1 ,DH1

REAND(S,2) HALF,DDZ,DND,THET(I),DTHET.THENO,PHID(I)vDPHID,PHIMD
READ(5,3) TORP

WHOLE=2, #HALF

DO 1500 I= 1,HNO

BH=BET A=H

CBH=COS(BH)

SBH=SIN(BH)

BH1 = BETA®H]

CBHl= COS(BH1)

SBH1=SIN(BH]1)

BHH1= BH-BH1

BHH1S5=.528HH]

BHHi2= 2,#BH1~BH

SBHH1=SIN(BKH1)

CBHH1= CUS(BHH])

FACTOR=CMPLX{CBHl,{~SBH1))/SBHHL

SBHH12=SIN{BHH12)

CBHH12=COS(BHH12)

BH12=2, #3H1}

SBH12=SIN(BH12)

CBH12=CUS(BH12)
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VPEC

EXTERNAL FORMULA NUMBER - SOURCE STATEMENT

DEL2=HALF
DO 13CC K=1,DNO
D2 = DEL2#RAD

CD2 = C0S(D2)
SD2 = SIN(D2)
SEC=1./CDz

BSEC=BETA=SEC
BSEC4= ,25/BSEC
CD2H1= H1&CD2

DO 120C L=1,THEND
THETA=THET(L)*RAD
STH=SIN(THETA)

CTH = COS{THETA)
TERM2= CTH=CD2
TERM4=STH=CD2

DO 1100 M=1,PHIND
PHI=PHID(M) *+RAD

SPH = SIN(PHI)
CPH=COS(PHI)

CPSD= CPH=SD2
TERM1=STH=CPSD
TERM3=CTH=CPSD
TERM5=SPH=SD2
Cll=TERM1+TERM2
C2i=C1li-1.
C31=Cl1+1,
Cl2=-TERM1+TERM2
C22= Cl12-~-1.
THS1=TERM3-TERM4
THS2=-TERM3-TERMS
PHS1=-TERM5
PHSZ=TER’M5
BOT11=(BSEC#C21%C31)%s(~1)
BOT21= (BSEC®C22)#&(-]1)
BOT22=(BSEC*(I.-CIZ)*(1.+C12))**(—l)
BH1C21=0H1=C21
SH1C21=SIN(BHiIC21)
CH1C21=C0S(BH1C21)
BHiCll=BH1=C1}
SHIC11=SIN(8HIC11)
CH1C11=CUS(BHIC11)
BH1C22=BH1=C22
SHI1C22=SIN(BHIC22)
CH1C22=C0S(BHIC22)
BH1C12=BH1=#(C}2
SHiC12=SIN(BHIC12) .
CHiC12=CUS(BHIC12)
BHC12=8H=(]12
SHC1Z2=SIN(BHC12)
CHC12=COS(BHCL2)
BHC11=BHx*C11
CHC11=COS{(BHC11)
SHC11=SIN(BHCiL)
CPRUD1=CBHH1*CHIC1}
SPROD1=SBHH1#SH1C11
CSPRO1=CBHH1#SH1C11

C7/07/6¢
INTERNAL FO2ML
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VPEC ) 07/07/66
EXTERNAL FORMULA NUMBER - SOURCE STATEMENT - INTERNAL FORMULA

SCPRO}=SHHH] #*CHIC11

IF(Cl1.5Q. 0.) GO TO 660

IF(C31.E0.C.) GO TO 670

IF (CZ21 +EQ «0.) GO TO 600

REAL1=(C31*SH1C21+FACTOR*('CHC1I*CPRODI‘CII*SPRUDl))* BOT11

CUMP1=(C31*(lo-CHlCZI)+FACTOR*('SHCll+CSPRDl+Cll*SCPROl)) #B0T11

GO TO 650

REAL1=CDZH1+FACTUR*(BHHIS*SBH/BSEC+BSEC4*(CBH-CBHHIZ))

COMP1= -BHHIS*CBH/BSEC+BSEC4*(SBH'SBHHlZ)

COMP1=COMP1#FACTOR

AS1=BSEC#(REAL1+(0.,1.)%COMP1)

GO TO &90Q

REAL1= SBH1+FACTOR #(-CBHH1+1.)

COmMPl=CBHi-1.

ASI=REAL1+(Gayis)*COMP]

GO TO 690

REALI=.5*SBH12+FACTOR*(.25*(CBH-CBHH12)+SBH*BHH15)

CDMP1=.5*(CBH12-1.)+FACTDR*(.25*(SBHH12‘SBH)+CBH*BHH15)

AS].:REAL:"’(Jo,lo )“COMPI

IF(C12.EQeCe) GO TO 760

IF(({C12+1.).EQ.0.) GO TO 765

IF(C22.EQ.0.) GO TO 705

REAL2= 'SHlCZZ*BOT21+FACTDR*(CBHHI*CHICIZ‘CIZ*SBHHE*SHlClZ-
CHC12)=B0OT22

CoMpz= (CHlCZZ-l.)*BOT21+FACTOR*(CBHH1*5H1C12+C12‘SBHHI*CHICIZ

=SHC12)+ BOT22

GO TO 750

IF(C21.EQ.0.) GO TO 725

REALZ="CDZH1+FACTDR*(-BHHI5*SBH/BSEC+BSEC4*(CBHHIZ‘CBH))

COMP2= FACTOR = { BHH15#CBH/BSEC+BSEC4* (SBHH12-5BH) )

GO 70 730 .

REAL2==-REALL

COMP2=-CCMPL

AS2=BSEC®(REAL2+(0ey1s)=COMP2)

GO 10 770

~

° REAL2 = -SBH1 +FACTOR®( CBHH1-1.)

COMP2= FACTOR ={(-CBH1l+1.)

AS2=REAL2+(04y1.)%C0OMP?2

GO 10 770
REAL2=-.5*SBH12+FACTDR*(.25*(CBHH12-CBH)~SBH* BHH15)
COMP2=—.5*(CBH12-1.)+FACTUR*(-.25*(SBHHIZ*SBH)—CBH*BHHIS)
ASZ=REAL2+(Ueyl.)=#COMP?2

ATH=THS1 #AS1+THS2%AS2

APH=PHS!#AS14PHS28AS?

JATH=CCNJG(ATH)

JAPH=CONJG(APH)

KQ = ATH#JATH+APH*JAPH

GO 7O (775,800),TORP

KSQUM)=REAL (KQ)

GO 10 1200

KSGIL)=REAL(KQ)

GO TO 1200

PHID(M+1)=PHID(M)+DPHID

MAXK2=KSQ(1)

DO 1150 MmM=1,PHINO

TEMP=KSQ(M)
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r VPEC . ‘ . 07/07/66
EXTERNAL FORMULA NUMBER - SOURCE STATEMENT - INTERNAL FORIMUL

"1156 MAXK2=AMAX1{MAXK2,TEMP)
DO 1175M=1,PHINO
1175 LOGK2(M)=10.%ALOG1I(KSQ(M) /MAXK?)

WRITE(6,5) DELZ,THET(I),H;HI:BETA,MAXK2.(PHID(M).KSQ(M),LOGKZ(M),
1 M=1,PHINO)

1200 THET(L+1)=THET(L)+DTHET
GO TO (13C¢C,1225),TORP
1225 MAXK2=KSQ(1)
DO 125C M=1,THENO
TEMP=KSG (M)
1250 MAXK2=AMAX1{MAXK2,TEMP)
DO 1275 M=1,THENO
1275 LOGK2(M)=1C.*ALOGLO(KSQI{M) /MAXK2)
WRITE(646) DELZ,PHIDI(1) ,H,H1,BETA,MAXK2, (THET(M) 4KSQ(M) ,LOGK2( M),
1 M=1,THENO) '

1301 DEL2=CEL2+DD2
WRITE(641C) WHOLE
WRITE(6411) HyHL,KSQ(1)
1400 H1=H1+DH1
156C H=H+DH
GO T0 50
FORMAT(5E16.8)
FORMAT(2FT7.2,15)
FORMAT (141%)
FORMAT (5HIDEL2=F642,10X,7H THETA=F6.2410X,3H H=F6.2y10Xy,4H H1=F6.2,
1,10Xy6H BETA=FI.5,7X, TH MAXK2=Elb.8/
2 3X4H PHISX5H K##28X12H LOG1O(K##2)5X4H PHI5XS5H K
25H K#2Z8X12H LOG10(K=%2)5X4H PHISXSH Kex2B8X12H LOG210(K==®2)/
53(F742,2E16.4))
6 FORMAT(SH1DEL2=F042,10X,5H PHI=F6.2,10X,3H H=F 6424 10Xy,4H Hi=F6.2,
110Xs6H BETA=F9.2,7Xy 7TH MAXK2=516,8/
A ZXSHTHETASX5H K#228X12H LOGIO(K«#2)4XS5HTHET
2ASX5H K##28X12H LOGLO(K##2)4X5HTHETASX5H K== 28X12H LOG1O(K=%2) /
53(F7.2,2E164.4))
7 FORMAT(6HIDEL2=F642,10X,7H THETA=F642410Xy3H H=F642,10X,4H H1=Fb6.2
1y10X96H BETA=F9.5,7X,TH MAXK2=£16.8)
9 FORMAT(30X,6H THETA)
10 FORMAT ( THODELTA=F742/6 XIHHSX2HHI1TXOHK{D,0) #22)
12 FORMAT(2F7.2,52%.4)
12 FORMAT(1H1)
END

LRV
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PROGRAM TO COMPUTE P(z)

pa
P(z) = -ﬁ 2/ I(z') K12 (z,2')z' dz'
P

I(z')= exp (-J‘pZ')

Kjp(2:2") = -exp (-3 PR;,) .[1 + jPRu] BRy,)°

R12 = /(z' -z cosA)2 + a2 + 22sin2A

INPUT : VARIABLE FRMAT

CARD 1 : El1, E2, E3, E4 4E 16.8
(tolerances for Simpson sums)

CARD 2: DH, LOWER , DELTA Z 4E 16.8




Y- Y e

' ¢ MAIN . 07/08/766
77777 EXTERNAL FORMULA NUMBER = SOURCE STATEMENT = - ~"INTERNAL FORMULA !

C P{Z)=-BETA#x2«INT(DEL,H) OF I{ZP)#K12(Z,2P)=ZP=DIP :
C " I(ZP)=EXPtJ=BETA*ZP) T LT T e e e
ic K12({Z,2P)=—EXP(-JeBETA#R12)= (1+J*BETA*R12)/(BETA#R12)=*=3
T R12=SCGRT((ZP-Z#COS(DELTA) ) %%2+4A%e247Z222% SIN(DELTA)*22) o T
COMMON HoDELTA,CDEL,»SDELC,AQ +BETA, LOWER, UH+DH2 s DH3 , PHONY
N | E1,E2,S+E3,E4,A +DEL,I1,12 ST e Co e
| COMPLEX PHONY
T DIMENSION S(U4) . T - T e
REAL LOWER ,
{“"”* CATA PI,RAD =~ /3.14159265,1.74532925E-2/ ST
BETA=6.28318530 )
——- -~ BETAQ-BETA*BETA et e+ e it e et oo e e et e et e e ee et e et 112t 1 et e e e £ e
\ REAC(541) El.E2+E3,E4
o WRITE(692) ELl,E2,E2.E4 T T T T s i e
READ(3,1) A .
T AQ AxA - - T e T T ‘*' oI T T e
50 REAC(5,1) DH.LDHER.DELTA
T H=LCWER+DH e
CH2=.5#H
" DH3=,332332333%DH T T e o R
/ DRAC=RAD#DELTA b
"~ CDEL=COS(DRAD) T T ST s oo s s S e
; SDEL=SIN{DRAD) .
-~ SDELQ=SDEL*SDEL - B
Il=1
S T SR e
CALL PINT(LOWER)
0 PHONY=CMPLX(S(2)sS(4))=2BETA*BETA T s s
WRITE(6+43) DELTAsHsALCWER,PHONY :
GO TO 50 . - - . . . . . W e mem . O e e he e wee e LA A me W it i e e e e B Rt w e
1 FORMAT(4E16.8)
"2 FORMAT(2BH1TOLERANCES FOR SIMPSON SUMS/4E13.3) Co e T e
3 FORMAT(THODELTA=FT74245X,s2HH= F7 2 sx ZHA-ELO 3 5x 4HDEL F7 2.
T 15X 9 THPUDEL )=2E13.5) , S e
END

'
; — o - — —

| -
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PINT

EXTERNAL FORMULA NUMBER =

SOURCE STATEMENT -

07/08/66

INTERNAL FORMULA |

" COMMON H,DELTA,CDEL,SDELQ,AQ

~ 2P=LOWER

BR =

- SBR= SIN(BR)

- 1ZP=1P-ICDEL

~ IPBR3=ZP/{BR*BR#*BR)

~'CBR

- TL2)=

SUBROUTINE PINT(Z)

1 E1sE2+S+E3,E4,A
COMPLEX PHONY

REAL LOWER , /
" INTEGER UPPER,WHERE
CIMENSION T(4),S(4),TEMP(2)
ZCOEL=2+CDEL

SUM = AQ+Z=Z«SDELQ

CWDEL.I1,12

zp
‘R12

ZP-2CDEL ,
" SQRT(ZZP=ZZP+SUM)
BETA#R12
" I(ZP)=EXP(-J=BETA=ZP)

CBR = COS{BR) B

IPBR3=72P/ (BR=#BR#*BR)
" BL=BETA#LOWER
SBHZ=SIN(BL)=ZPBR3
CBHZ=COS{BL}*ZPBR3
T(1l)= SBHZ= (CBR+BR#5BR)
T63)=
T1=CBEZ={CBR+BR%SBR)

- T3=CBhZ«{CBR#BR-SBR)

ZP=H

R12=SCRT(ZZP+ZZP+SUM)

BR=BETA*R12

CBR=COS(BR)

" SBR=SIN(BR)
BIP=BCLTA#ZP

SBHZ=SIN(BZP)=ZPBR3

- CBHZ=COS(BZP)=ZPBR3 - -

T(1)=.5#(T(1)+SBHZ=(CBR+BR=5BR)
T(3)=.5#(T(3)+SBHZ=(CBR#5R-SBR) )
Tl=.5=#(T1+CBHZ=(CBR+BR*SBR))

- T3=.5%#(T3+CBHZ»{CBR*#BR-SER))

END OF CHANGES
ZP=LOWER+DH2 R
1IP=7IP-7ZCDEL
" R12 = SQRT(ZZP=#ZZP+SUM)
BR=BETAsR12

SBR = SIN(BR)

~ SBHZ#(CBR*BR-SBR)

COS({BR) U

~ yBETA,LOWERsDH,DH2,DH3,PHONY,

)

BZP=BETA=ZpP S

ZPBR3=7ZP/ (BR=BR#BR)
SBHZ=SIN(BZP)#*ZPBR3
CBHZ=COS(BZP)*ZPBR3

Tl4)=

T4=.5#(T3+CBHZ#(CBR=BR-SBR))
S{1)= 4.=T(2)~-T(1)
S{3)= 4.%T(4)-T(3)

e S e e el ew o G e e amea o

«S5%( T{1)+ SBHZ = (CBR+BR%5BR))
5% (T(3)+SBHZ#(CBR=BR-SBR))
T T2=.58(T1+CBHZ={CBR+BR#S3R))



v

110

1

TOOOO0O0O0O

|

120
~~130
140
152
151
--152
153
—- 155

160

S1=4.*T2-T1
TS

T1=T2 -

“UPPER=16
FLAG=1.
NZei o e

K

TEMP{1)= O.

" TEMP1=0,

THZPY=EXP(-J=BZP)

“CBR=CCS(BR)

o ——— - -

PINT -
- EXTERNAL FORMULA NUFMBER

$3=4,%#T74-T3
T(2) ' T T
T(3)= T(4)

T13=T4

13=1

I14=1
WHERE=1
N1=2

DO 10C0 N=3, UPPER .
2x=N2 ) o
XK=FLOAT(K)#FLAG '

XK1 (2.2 N1)*FLAG
DELXKI=DH/XK1

TEMP(2)= 0.

TEMP2=0,

XJ=1. -
IP=L0OWER+XJ*DELXK]
17P=71P-ICDEL R
R12=SCRT(ZZP=ZZP+SUM)

"~ BR=BETA=®R12 ’ B
12/28/65 VERSION DIRECTLY BELOW
“SBHI=SIN(BETA#{H-ZP))#2P/(BR*BR*BR)

3724766 VERSION HERE

- SBHZ=SIN{BETA#ZP)*ZP/(BRxBR#BR)

4/23/¢6

SBR=SIN(BR)
BZP=BETA=ZP
ZPBR3=7ZP/ (BR#BR*BR)

"SBHZ=SIN(BZP)*ZPBR3

CBHZ=C0S(BZP)=ZPBR3
"GO TO ( 1204130),11

TEMP(1)= TcMP(1)+SBHZ*(CBR+BR*SBR)

GO T0 (140,150),12

GO 10 (151,152),13 '
TEMP1= TEMP1+CBHZ*(CBR+BR!SBR)
GO TO (153,155),14 )

TEMP2=TEMP2+CBHZ *{CBR#BR-SBR)
XJ=xJ+2, | | -
IF (XJ.LT. XK1) GO TO 110

GO 70 (160,165),11
TEMP(1)=TEMP(1)/XK
T(2)=,5+ (T(1)+4TEMP(1))
SU2)= 4.sT(2)- T(l)
T(1)=7(2)

IF(ABS((S(Z) S(l))/S(ll)

=70 -

~ SOURCE

TEMP(2)= TEMP(2)+ SBHZ*(CBR*BR—SBR)

.LT.EI) I1=2

07/08/66
=  INTERNAL FORMULA .

|
e - “
|
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’ O PINT _ 01/08/66
EXTERNAL FORMULA NUMBER - SOURCE STATEMENT - INTERNAL FORMULA !

Siii=5(2)
165 GO TO (1704175),12

7170 TEMP(Z)=TEMP{2)/XK

 T(4)=.5s(T{3)+TEMP(2)) e
S(4)= 4. %T(a)=T(3)

. T(3)=T(4) o - - e i .
IF(ABS{(S(4)-S(3))/S(3)) oLT. E2) 12=2

. S{3)= S(4) e

175 GO TO (180,185),13
180 TEMP1=TEMP1/XK e e

TT2=.5#(T1+TEMPL)
. 2 L -k I S U O
e Jlete oo RS ,
IF(ABS((S2-S1)/S1).LT.E1) [3=2
1252 R ek
185 GO TO (190,195),14
190 TEMP2=TEMP2/XK o

T4=.5% (T3+TEMP2)

T S4=4,2T4-T3 o i
13=T14 - S -
T UIF(ABS((S4-S3)/S3)JLTLE2)M4=2
$3=54 L
77195 IF(I11.EQel1+0ReI2.EQeleOR.I3.EQ.1.0ReI4.EQel) GO TO 240
GO TO 1300 - - . = s - = .- ——— o PP . . e . — e

240 N2=N\1

N1i=N
1000 CONTINUE ‘ e

GO TO (1100,1200+1300) +WHERE
1100 WHERE =2~~~ 7 oo o e e
FLAG=K ’
’. Ni=2 e mmmmaee e s e eve s e . R b dm e s aa e
N2=1
GO TO 50 0y U P e
*1200 WHERE=3
" FLAG=FLAG=FLAG - oo e
UPPER=8
N1=2
""" 60 TO 50 - - U PR YOV UL IUSpR- N USUIOEUPIUS TS S P p
1300 S(2)=S(2)+=DH3
T S{4)=5(4)%DH3 T T T e e m e e T
$2=52=DH3
Tt =S4 #DH3 [ e TP RSO - e
ANSR=S2+5(4)
T ANSI=S4-5(2) ST T T e e e e e e e
S{2)=ANSR

o S(l"):ANSI - e et e me s Dl LS e e s e S
RETURN




TOLERANCES FOR SIMPSON SUMS
1.000E-02

1.000E-02

DELTA= "2¢.00

T

=72 -

1.000E-02

A= 0.670E-02

1.000E-02

T DEL= 0.10 . PUDEL)

0.81686EF

DELTA=" 45,00  H= 10.10 A= 0.670E-02  DEL= 0.10  P(DCL)= yv.72297C

DELTA= '60.C0  H= 10.10 A= 0.670E-02  DEL= 0.16  P(DEL)= 0.101T3E

DELTA=

9C.C0 H= 10.1C A= 0.670E-02  DEL= 0,10  P(DEL)= “0.17776E-

DELTA= 135,00 ~ H= 10.10 A= 0.670E-02  DEL= 0.10  P(DEL)= —-0.21921E-

DELTA= 180.00  H= 10.10 A= 0.670E-02  DEL= 0.10  P(DEL)= -0.18190E

"l Tiem e L o e S T G L e S e et b e KR S S el s N T

]

S S - S o S
l

|

|

|

e B} e - R e




———--€ ANTENNA 4/3 SERIES - - - B
¢+ ATIO= Q.750 LEVGT = 228 6“
JELZ2= 2Z2.5u - H= - 1.4¢ ~Hi= 5.75 o e
! tADIUS= 18684E % CAIN= 7%, 11‘68E 02 AREA= J.46441E 05
‘- VTUTAL VOLUME= 7.27321F &2 MAX{K®#2)= ,20:866E 02 :
TCTAL INTEGRAL= J3.,273Z1% JZ :
S S SR - NORMALIZED I
INTEGRAL FROM UN-NORMALIZED
e e INTEGRAL FROM THETAL TO INTEGRAL FROM
FHET Al THETA2 23 TC THZTAZ THETAZ2 O TU THETAZ
o fie D o3 J23G748E-32 0¢3G74BE-22 Ge1n860E-D0
5.43 1025 Ge15664E-31 (),11689E-11 f1e42796E-372
-1 el - 15wl -0 434439831 - welBTT5E-01 - $e94292E (0
15,00 20 4T U.5G48€5~-01 0.25049E-C1 0.1£253E 41
- 2% 00D 25719 De93192E-131 Ne30654E-01 (.24624E 51
25409 304D Jel2587E-20 $.357775~51 . Ce34389E {1
3009 354045 316693 E-12( 0.41034E-31 - G.456CDE O1
35,99 4000 $+21368E~29 De4ETT78E-V1 $.58381E U1
----- 43902 45 43:0 De2€6684E-37 J.53158E-11]1 - BeT2GN4E 1
45.00 50 .00 D.3267TT7E-CD) N.593928c~121 0.89273E 31
5G.00 55440 3436322E-98 $.66431E-01 G.10743E 32
55.90 60 40 046491020 DeTIT13E-31 C.12702E 22
605D 65 .03 D.53967E 1) Ve T4TEDT-0 D.14745E 92
65.7:2 TG40 J.61444F LT 0.74770F-C G.16787E 22
- T8eLD 7530 0.,68523F I8 {.71389z-31 Z.1€738t D2
1509 80 .20 H.75366c 32 S.64829E-71" Ce27509E 132
8.0 5.79 D.BL649E 45 3¢55836E-31 ©.22235¢ 52
85459 YU etw OeCS22Z2E T $.45524E-01 C.23278E 32
9l .3 35,25 0.8875C 45 Ce35131c-01 Qe24238: w2z
95.u0 LU o3 0.92231E 0 5425764E-01 24342E 22
- WBGWDG 19540 Ye9311LE 3O (e18190E-yl -de25439E L2
L05.092 110.89 0.94334E 3 $.12733c-01 0.25787E D2
~~1ﬂ 1) 115.8C C.95312E5 UG $e92862E-C2 0.26G41E G2
L18450 12205 D.96754E L4 .7T4194E-02 D.26243E 22
22030 125.03 996709 OF Ce65529E-02 Ce26422E 32
<2595 13L.00 D.97322c 4w 0.613C7E-12 L.26597E 22
- R30.U7 135.:12 3.978G7E <2 G3.57473E-22 0.26747 D2
35,00 147 400 D.98417E 43 Je5198JE-G2 0.26889E 32
W47 09 145.20 J«FEBHIE G Ge44564E-72 C.27011E D2
45400 150 41) 0.92223c 0 Ge36(863C-02 Ce27109F 22
S5Ge00 155.05 04995508 G2 Ve27€28E-(2 C«27185E 02
55480 16%.%% J«93THLE I 0e2149£-32 $427240E 92
60 e 165.755 J9G98B41IF G 0.14035E-02 $.27278E (2
.62.9D aThehy 0.9G6932E 113 U.9111%E-33 C.273023E 02
TL.0D 175.00 0.9SGC2E CU 3+51267E-03 Ne2731TE 2
15409 180,733 DS ROSIS Il R | Je16554E~133 G.27321FE 02

.IMLM .T= S 8‘0(94:)04«;5



I TANTERNAT T 4/3  SERIES T

, WATIC= J.750 LENGTH= 222,63
[ TTIELZ= 60,00 H= 1000 T HI= UG, TS T T
‘ tADIUS= 7,.2{339F ¢1 GAIN= §,.28213E 22 AREA= (0.11732E 06
== fOTAL VOLUME= (1,355 4E <2 T MAX(K=#2)= 04575235 Q2 ot
TCTAL INTEGRAL= .3%574F 32 '
T e e " NDRMALIZED - T s
INTEGRAL FROM UN-NORMALIZED
T e e INTEGRAL FROM THETAL TO INTEGRAL FROM -
THETAL THETAZ T TC THETAZ THETA2 0 TO THETA2
D 5401 0.94661F-22 0.946861F-012 £e3260GRE-0U
5.09 1T DD (e353765-C1 C.25510E-91 0.1256CF 01
T 10650 15.00 D.T1623E-01 T e36246E-31" Q.25429F 0} -
1539 23070 D.11157E=-50 D.36G46E-D1 ie339612E )1
23T T 25300 " DL15UBRE-QD "De39228E-1"} “©.53539% 1
25.0:9 35400 D,18799:5-1% N,3T7195E-91 Ve 55T43F 01
30,00 35,0 D.22387E-20 C.35981F-01 ° 6.75518F 21
3 35.09 42,475 D 26MI9E~-30; £e36:275-31 $.92344E 0}
4D, 45 47D De2GT712E-20 DN.3T7028E-01 0.17549E N2
45,50 5% ¢ 39 0.335005-20 0437876501 0.11894E 02
- B LGD 55 .00 D.373276-35 14382 736-01 C.13253% 72
§ 55¢00 6% .20 3.41159F-1% ©2.383247-51 Je14613F 52
X IR Lh 6541 De44999FE-"15 2.38396£-{1 2.15977¢ 92
65.00 FESPRE J.48831E-39 2.38822E-01 £+17355E f2
B PP 75400 0 .52855E 2% 2.39737€-01 018766 132
75.0D 8D . De569615 Q& Ned1560F-1- C.2u224F D2
8O0 -85 4 2.612:16E &0 He4254TE-1] N,21734E 92
85.09 CNIR R D.656025 ¢ $.43866C-11 %.23292E 22
S A £ 14 95.,9% DeTIGEBE HU Ue440555-01 N,24077E N2
95.20 10099 J.T452TE €3 (.44585F-11 (e 26460E &2
- 108G 0T 195.82 - D.TEBELE G “Ne43367E-41 N,28020F a2
105.90 110.00 0.82948E 2N De4TBL6E-01 0.25450F (2
110400 115.4% D.86651F 90 De37N33E-u1 " 0.30T765E G2
115,00 127.7) J.89866F B0 £e32143F5-01 Ce319M6E 12
129,90 125,04y 0.92524% NG ©.26578E-L1 0.3285%5F N2
125409 133.0% 0.94E78E 2L D 20846501 C.33592F 02
130493 135.3) J.96153E 2g © G4154455-71 Se34138E D2 -
135.93 1642975 D.97220C G Te10TT6E-C1 Ne34521F 42
140400 145 .00 0.97940(= 3D DeTIDITE-D2 Je34773E D2
145,00 15900 0.983938F &L (e45T4BE~3 5e34935EF a2
153400 155,99 D2IBT2IE 3 N,32315E-12 1e35053E G2
155459 167 0D 0.99712F 37 De297T6E-02 0435153F 02
167470 165.00 3.96326€ SJ e31384E-72 3352658 02
165.00 172000 0.996485 3N €,e32225E-02 0.,35379E 12
» 172409 175.03 0969928 v C Ge254326E-02 f1435469F 22
- 15.3% 180 0 DludnGE £} 0.97793E-13 J.3557%E 02
f
|
- .
|
i‘” -
|

T

4



H

- ——*_ANTENNA

. GATIC=

- -tEL2= 2
“ADIUS=

- TGTAL vOL

4/3 SERIES

« 739
53

Urz=

G21L066E 1

TOTAL INTEGRAL=  “.3G161E 2

THETAL
':'.
5.00

S15.0D -

15.00
20469
25,20
Sef)
35.G0
472,09
45,42
53.09
55 .(:{)
655
65.C0
7’-.‘ s ’:!-3
T75.00
80.0N
85.59
LR AT¢

95115

— 100,09

L05,.,3)
w100
11500
120400
123.99
L30.00
L3535
PSS f3s
45,00
WO WDD
255.02
o w6200
65,203
LTL 0D

175,00

THETA2
5.00

10450

27%3
2530
30.0m
350‘;3
40,90
45420
56 0’33
55400
6:’ .')3
65,00
T3 00
156590
82.0D
V'j Q’I.If‘.”
95,49
105913
185,50
112,52
125.00
127309
12501
132,45
135.2D
140,70
145.70U
i50.ud
155 .94
160.392
165000
17000
175.00

180.90

156500 -

0.66579c G4
0.T2T34E €U

N.72467% 32
DCTLA5TE DD
D.T6784E G
J. 786455 L
G+80440LE 0T
0825295 QU
J.85158E 2%

0.88112E ¢
D+2u8e5E Tu
3.93271E 29
9.947T78E 33
D.9£283E 9T
J.97470E (v
J.98284E QO
0.9883CE I3
0.992:i9Z CU
J.95511% OO
J.9974€E£ CJD
G.99927E 2¢
0.130300E 51

LENGTH= 228.€%

H= 3."39 H.Lz
GAIN= G.67756Z 22
2e32161E e CMAX({Ke#2)=
NORMALIZED
INTZGRAL FROM
-INTEGRAL FROM THETAY TO
O TO THETAZ THETAZ
Q.23929E-2% ¢e24930E-21
0.746635-21 Ue52732E~01
De14231E-93 Ce67€50E-T1
0.210056-00 DJ6TT3TE~-DL
- D274 42-GC 0.645932-71
0.324962-0¢ D61 814E-01
De3927T1E~3Y Q57751651
0.44971E-CD N.56G99t-21
9.50938E &2 1e59375E~-31
0.56732E 09 De58241E-71
D6147T8E 20 QebT45TE-01
£.647135 &3 0.323482-21
N.,66892L ¢ N4231795E-51
U.684585 Jv e 15660E-71

velleGTE-IL

2

00115!’95-"1 h

Ge17233C-4G1
((e21901E-01
Ge21270E-G1L
N0.18610E-51
Ge17945E~-51
D.20888E-01
1162625 TE-51
De29534E-01
e27128E~3
De21762E-71
CelT77T3E-UG1L
7415114£-21
G.11810E-C21
3eB136TE-12
0.54571E-C2
0.33920E-02
0e29230E-{2
Ce23512c-02
£.18087E-02
C.72930E-3U3

025 -

AREA=  £.313907
3.14274F 03

UN-NORNMALIZED

INTEGRAL FROM

¢ TO THETAZ
.81564E 9D
£.26238E 1
2.55731E ol
0.82257E 01
C.1R736E 2
Ne13117E 32
Na13379E Dz
N.17611E 92
Ce16936L 22
N,22217E G2
(:.24075E T2
C.25342E 52
J.26196F 02
£.2€809E 72
Ge27248E 922
C.277T0E D2
0.28379t 02
C,2G236E G2
Le3.0L20 Q2
C.32798L 02
- G«31501E 02
0e32319E &2
0.33349E 22
0.34535¢ G2
C.35568E {2
De3€420E D2
$.37116E 22
C.37798c G2
Te3BlTLE G2
0+38489E 02
0.387028 €2
Q.38855E iz
$.38969t D2
N«39561E 052
0.3G132E D2
02

C.3G1¢€1E

E 5



V ANTENNA 4/3 SERIES -

RATIC=
DEy 2=

— e da

60

RADIUS=

TOTAL VOLUME=
TOTAL INTEGRAL=

—- Qe
5.C0
—--10C0
15.C0
w20 G0
25.C0
——30.C0
35.00
—— 40 e G0
45.00

- 50,00 -

55.CC

- 6050
65.C0

- 70.CO

- = n
0 vw

- 806CO
85.C0
---90,C0
95.C0
---100.C0
‘105.C0
110.C0
115.00
120.C0
125.C0
-130.€0
135.%0

. 1406C0
145,00

- 150.C0
155.C0
.- 1604CO
165.C0

-~ 17C.CO
175.20

THETAL

0.750 LENGTH 228.60
.00 s -~ 7600 oo Hl= 5425
0.24189E 01 GAIN= 0.674195 c2 AREA= 0.57218E 04
0.59284E 02 ~--MAX(Kew2)= 0.16308E 03- R — -
0,59284E 02
e e = - NORMALTZED- - - - e e e e
INTEGRAL FROM UN- NORMALIZED
- INTEGRAL FROM THETAL TO- --- INTEGRAL FROM
THETA2 0 TO THETAZ2 THETA2 0 YO THETA2
5,00 - -0.26869E-02 0.26869E-02 0.15929E-00 -
10.00 0.72795E-02 0+45926E-02 0.43156E-00
--1500 0.17265E-01 --0499859E-02 - 01C236E 01 - e
2C.00 0.28816E-01 0.11550E-01 0.17083€E 01
- 25400 - 0+444956E-01 - 06416140E-01 0.26652E Ol
30.00 0.60269E-01 0.15313E-01 0.35730E 01
—--35400 - 0+86054E-01 - 0e25786E-01 0.51017t 01 e s
40.00 0.13294E-00 0.46882E~01 0.788B10E 01
- 45,00 0.20486E-00 0.71927E-01 0.12145E 02 e —
5C.00 0.27267E-00 0.67806E-01 0.16165E 02
- 55,00 0.33806E-GCO . 0.65388E~01 0.20041E 02
60.60 0.39734E-00 0.59284E-01 0.23556E C2
65.00 0.45712E~00 - 0459776E-01 0.,27100E 02 -
7C.00 0.51893E 00 0.61816E-01 0.30765E 02
75.00 C.59839E 00 0.79452E-01 -0435475E 02 —
’0. 00 0.67813E GO 0.79743E-01 0.4C0202E 02
85.00 0.72366E 00 Ue435350-C1 D.47902E G2
90.C0 0.75113E 00 0.27467E-01 0.44530E 02
95.00 - 0.77808E 00 0.26947E-01 0.46128t 02 - e
100.00 0.80457E 00 0.26495E-01 0.47698E 02
1C5.,00 .. 0.82572E 00 . 0s21152E-01 -0e48952E 02 . -
110.00 0.84495E 00 0.19223E~-01 0.5C092E C2
115.00 0.86335E 00 0.18403E-01 0.51183E G2
120.C0 0.88402E 00 0.20670E-01 0.52408E 02
125,00 0.90038E QO 0.16360E-01 0.532378E 02
13C.00 0.91745E 00 0.17073E-01 0.54390E C2
135.00 C.93149E 0O 0.14039E-01 0.55223E 02
14C. 20 0.94519E OC 0.13694E-01 0.56035E 02
145,00 0.95675E GC . 0ell1564E~01 . 0e56720E 02
15C.00 0.96757E 0OC 0.10815E-01 0.57361E €2
155.C0 0.98005E 0O 0.12486E-01 .0.58101E 02
160.00 0.98905E 00 C.90G17E-02 0.58635E 02
165.00 0.99458E 0O 0.55317E-02 - 0e58963E 02
17C.00 0.99814E 0C 0.35586E-02 0.59174E 02
175.00 . 099976E €O 0.16182£-02 0.59270E 02
180.00 0.10C00CE 01 0.23833E-03 0.56284E 02



4

_ V_ANTENNA &4/3 SERIES. .. .

| RATIC=

0.750

...DELZ2= 22.50

RADILS=
. TOTAL VOLUME=
TOTAL INTEGRAL= C.52712E 02

© THETAL

B P
5.C0

..10.G0 _

15.C0
. 20.C0
25.C0
.30.C0
35.G0

. 40.C0 _

45.C0
. 50.C0
55.C0
60.CO
65.€C0

70.C0

75.C0
. 80.C0
85.C0
. 90.CC
95.C0

105.C0
.. 11C.¢C0O
115.C0

120.C0

125.C0
130.C0
135.C0
. 140.CC
145.C0

. 150.C0

155.C0

160.C0

165.C0
... 17C.C0
175.00

1C0.CO0

0.23260F 01

Ce52712E 02

LENGTH=
H= 9.00
GAIN= O

. INTEGRAL FROM

T YHETA2 O

. _5.00

10.00
15.00
2C.00
25.00
30.00
. 35.00
4C,CO
45.00
50.00
55.00
60.CO
65.00
70.00
75.00
BGe LU

85,00

90.C0
95.00
1C0.060
105.00
110.00
115.00
120.00
125.00
13C.C0O
135.00
14C.00
145,00
15C. 00
155.00
160.00
165.00
170.00
175.00
180.00

- 0+60986E

0e64902E

~ 0.TL1T16E

Ce76654E

- 0.85518E

. 0e93144E

TO THETAZ2

0429124E-C1

0.89417TE-01
0.17075E-00

 0.24564E-00
0.31579E-00

0.38597E~-CC
0.47666E-00
0.55005E 0O
00
00
00
00
co
00
co

0.63257E

0.66457E
0.68345E
0.69918E

T o —

0.74253E
0.75410E

(¢
co
oo
GO
GO
00

0.77983E
0.79207E
0.80505E
0.81799E
0.83391E 00
00
00
(03¢)
co
00
00
00
00
00
oC
0o
01

0.87531E
0.89630E
0.91686E

0.94516¢C
0.95913E
0.97319¢E
0.98414E
C.99377E
0.99835E
0.10000E

0o

co

228460
. Hl=
+14104E 03

S - MAX{(K=%2)=

-NORMALIZED
INTEGRAL FROM

. THETAlL TO ...

THETAZ2

0.60293E-01
0.81331E-01
0«74894E-01
0.70145E-01
0.70185E-01
0.90688E~91
C.73352E-01
0.59807E-01
0.22712E-01
0.16451E-01
0.15554€E-01
0.18877E-01
0.15726E-01
0.17982E-01
0.13060E-01
0.12305E-01
0.11573E-01
- 0412441E-01
0.13296E-01

0.12236E-01

0.12982E-01
0.12933E-01
Ce15928E-01

0.,21270E-01 .

0.20124E-01
0.20992E-01
0.,20562E-01
0.14576E-01
0.13722E-01
0.13973E-01
0.14052E-01

0410959E-01

0.96299E-02
0.45777E-02
0.16475E-02

. 0629124E-01

. 6eT5

n -
ARLC A=

UN-NORMALIZ
INTEGRAL FR
0 TO THETAZ2
0.15352E
0.47133E
0.90005E
 0.12948E
0e16646E
0.20345E
0.25126E
0.28994E
 0432147E
0e33344E
 0e34211E
0.35031E
 0.36026E
0.36855E
0.37803E
0.38492E
Ge35140C
0.39750E
0.4C406E
0.41107E
 0.41752€
0.42436E
0.43118E
0.43957¢
0.45079E
0.46139E
0.47246E
0.48330E
. 0.45098E
0.45822¢
0.5C558E
0.51299¢
0.51B76E
0.52384E
_ 0452625E
0.52712E

0.72208F 04
0.32805E 03

ED
CM

oL ...

ol
01
02

02 ... .

02
02
02
02
02
02
02
02
02
02
02
c2
02
02
02
02
02

02 .

02
02
02

02

02
02
c2
02
02
02
02
02
02



-

L4

RATIC=

o N . W
RO Iy
.

THETAL
-0

500

- —104€0

15.€0

25.C0

) ‘—P'—*F T A —

35.C0

45,00
50.C0
B 55,00
. 60.00
654 G0
. 70440
75400
. 80eC0
~ 85.C0
. . 90460

95,C0
| . 100.CO

105.00

[ 110.C0 .

115.C0
. 120.C0
l 125.20
. 130.CO
C 135.00

145.C0

. 15C.CO
155.C0

.. . 1606.C0
d 165000
170.70
175.C0

DEL2= 60.C0
RADIUS=
TOTAL VOLUME=

w204 C0 - - -
30400 -

- 40.C0 -

14C.C0 .

V ANTENNA 4/3 SERIES - -
LENGTH= 228.60

C.750

0.10000E

0.22095E-03

UN-NORMALIZED

0.63478E

co
Co
01
01
01
01

oL - -

01
02
02
02
02
02
02
G2
02
c2
02
02
02
02
Q2
02
G2

02

02
02
02
02
02
02
02
02
02

02 .

. e £ G, 00 PSS :a,..~Hl = - 6 . 75 sttt b
0.24746E 01 GAIN= 0.77459E 02 ARCA=
0.63478E 02 oo ———MAX(K#22)=  0.19168E 03
TOTAL INTEGRAL= 0.63478E 02
SRR s e e e o~ NORMALIZED - - -
INTEGRAL FROM
o ~--—- INTEGRAL FROM THETAL TO INTEGRAL FROM:
THETA2 0O TO THETAZ2 THETAZ2 0 TO THETA2
5.00 C.20118E-02 0.20118E-02 0.12771E-
10.00 0.75503E-02 0.55385E5-02 0.47928E-
~15.00 0.15929E-01 0.83783E-02 0.10111E
2C.CO C.26558E-01 0.10629E-01 0.16858E
- 25900 0.41892E-01 0.15335E-01 - 0e26592E
30.00 0.62467E-01 0.20574E-01 0.3G6652E
—-—- 35,00 0.81207E-01 0.18741E-01 0.51548E
4C.CO 0.11832€E-00 0.37108E-01 0.75104E
- 45,00 - 018017E-00 0.61853E-01 0.11437E
50,00 0.255T3E-0Q0 0.75562E~-01 0.16233E
55.00 0.32833E-00 0.72601E-01 0.20842E
€C.00 0.39125E~00 0.62923E-01 0.24836E
65.00 - 0e4543CE-00 0.63050E~01 0.28838¢E
7C.00 Ce52549E 00 C.71186E-01 0.33357¢E
15.C0 C.59966E CO 0.74170E-01 0.38065E
cCelC N.AAY28E 00 C.61618E-01 0.41976E
85.00 C.71393E CO 0.52650E-01 - Ue435310LC
9C.CO 0.74076E CO 0.26829E~-01 0.47021E
- 95,00 C.77195E 00 0.31188E~01 0.4S001E
1C0.00 0.80245E 00 0«3C506E-01 0.5C938E
105.00 0.82692E QO - 0424471E-01 - 0.52491E
11C.CO 0.84860E 00 0.21681E-01 0.5386TE
115.00 0.86890E 00 C.20299E-01 0.55156E
120.00 0.88723E 00 0.18327E-01 0.56319¢c
125.00 0.90318E 0OOC 0.15951E-01 0.57332¢t
13C0.00 C.91847E 0C 0.15291€-01 0.583902E
135,00 0.93334E 00 0.14863E-01 0.5G246E
140,00 0.94819E 00 C.14858E-01 0.60189E
145,900 0.96035E 0G 0.12160E-01 - 045C961E
15C.00 0.97267E 0G 0.12315E-31 C.61743E
155,00 0.98296E Q0 0+10290E-01 0.62396E
160.00 0.98935E 00 0+.63900E-02 0.62801E
165.00 C+93540E 00 C.60512E-02 0.63185E
170.C0 0.99816E CO 0.27565E-02 0.63360E
175.C0 0.99978E CO 0.16235E-02 0.63464E
180.00 01

02

e e T

0.29747E 04



__V ANTENNA &4/3 SERIES .

. RATIC= (€.750 LENGTH= 228.60

-+ DEL2= 22.%50 i H= 11,00 e HLIE . Be25 s e
RADIUS= 0.23603E Ol GAIN= 0.1255%E €2 AREA= 0.43163E 04

_. TOTAL VOLUME= 055078 92 MAX(K=#2)= 0.29643E 03 G-

TOTAL INTEGRAL= C.55078E 02

e

0.55078E

S — e NORMALIZED SO
INTEGRAL FROM UN-NORMALIZED
et eee .. ... INTEGRAL FROM THETAYl TO .. INTEGRAL FRCM
THETAL THETA2 0O TO THETA2 THETA2 0 TO THETAZ2
. 0s_ . .5.00 _ €.17889E-01 C.17889E-01 - 0.98530E.CC = . _
5.C0 16.CO 0.82026E-01 0.64136E-01 0.45178E O1
... 10.CO0 = 15,00  Ce16843E-00 0.86407E-01 0.92769E 01
15.C0 20.C0 0.24704E-CO 0.78612E-01 0.13607E 02
... 20e%0 25.00 _ 0432145E-00 0e74407E-01 0.17705E 02
25.C0 30.00 0.40514E-00 0.83693E-01 0.,22315E 02
..30.C0 35.00 0.49313E-00 0.87982E-01 0.27160E 02
35.C0 40,00 0.57310E 00 0.79975E-01 0.31565E 02
_...40,C0 45,00 ' 0.61276E 00 0.39662E-01 C.33750E 02
45.C0 5C. 00 0.63187E QO 0.19103£~-01 0.34802E 02
... 50.C0 55.00 0.65412E 00 0622249E-01 . 0.36027€ 02
55.C0 6C.00 0.6T7211E €O 0.17993E-01 0.37018E 02
__60.CC 65.00 0.68769E 00 0.15583E-01 0.37877E 02
65.C0 7C.00 0.70717E-CO 0.19482E~01 0.38950E C2
70.CC 15.G0 C.72150E 0O 0414325E-01 0.39739E 02
75.00 8C.C0 0.73411€ CO 0.12607€-01 0.4C433E 02
.. 80.CO 85.00 0e74432E UL Ceil21lE-01 D.40995E 02
85.C0 GC.C0O 0.755CC0E 00 0.10685€-01 0.41584E 02
.. 90.C0 _ $5.00 C.76885E CC 0.13852E-01 0.42347E 02
95.C0 1C0.00 0.78246E 0O 0.13609E-01 0.43096E 02
.. 100.C0 _ 105.0C 0.7932%E 00 0.10828E-01  0.43693E 02
105.C0 110.00 0.80267E 00 0.93837E~-02 0.44210E 02
..110.CC 11%.00 0.81509E 00 0.12417E-01 C«44894E 02
115.C0 120.060 0.83077E 00 0.15682E-01 C.45757TE C2
- .120.C0 125.00 0.84635E 00 0.15576E-01 0.46615E 02
125.20 130,00 0.86491E 00 C.18558E-01 0.47637E 02
_130.C0 135,00 0.88670E 00 0.21797E-01 - 0.46838E 02
135.C0 140.G0 0.91035E 00 0.23645E-01 0.5C140E 02
...140.C0 145,00 0.92756E 00 C.17208E-01 - 0.51088E C2
145.10 150.C0 0.94208E 00 0.14524E-01 0.51888E 02
.. .150.00 155.00 0.95491E 00 0.12830E-01 0.52595E G2
155.C0 160.00 C.96783E 00 0.12520&£-01 0.53306E 02
. 160.C0 165,00 0.98117E 0O 0.13336E-01 0.54041€ 02
165.C0 170.0C 0.99084E 00 0.96767c-02 0.54574E 02
...170.€0 175.00 0.99814E 00 0.72954E-02 . 0454975E 02
175.C0 180.C0 0.10000E 01 0.18605E-02 ° 02



[ B
l V ANTENNA 4/3 SERIES - o = e
LENGTH= 228,60

©175.20

180.00

0.10000E

C.87558E-03

0.65315¢E

f RATIC= C.750
DEL2= 60.CO R ——— e T P ¢ T o T 1 B < I e - -
RADIUS= 0.24983E 0Ol GAIN= 0.80429E 02 AREA= 0.27645E 04
| TOTAL VOLUME= 0.65315E 02 e MAX(K=%2)= 0420096EFE 03 - - ——- —
TOTAL INTEGRAL= 0.65315E 02
: s e e NORMALIZED B
: INTEGRAL FROM UN-NORMALIZED
v : .. INTEGRAL FROM  THETAl TO INTEGRAL FROM
THETAL THETA2 O TO THETA2 THETA2 0 TO THETA2
— -0 5,00 0.11105E-02 " 0.11105E-02 0.72531E-01 -
5,00 10.00 0.59595E~02 0.48490E-02 0.38925E-00
; - 10.C0 15.00 Ce14951E-01 0.89916E-02 " 0.97653E 00 -
15.C0 2C.00 0.27543E-01 0.12592E-01 0.17990E 01
20650 -~ 25400 0.42131E-01 0.14588E-01 0.27518E 01
25.00 3C. 00 0.60572E-01 0.18441E-01 0.39563E O1
30400 - 35,00 0.82479E-01 0.21907E-01 . 0.53872E 01 :
35,C0 4G.00 0.11188E-CO 0.29397E-01 0.73072E 01
y - 40,00 - 45,00 0.17012E-00 0.58246E-01 - 0.11112E 02 ,
45,00 50. 00 0.24885E-00 0.78730E-01 0.16254E 02
. 50.CO0 55,00 0.32578E-00 0.76931E-01 - 0.21279E 02
v 55.C0 6C.00 0.39369E-00 0.67904E-01 0.25714E 02
! 604C0 65400  0.46451E-00 0.70817E-01  .0.30339EF 02 .
65.C0 7G. 00 0.54C03E 00 0.75527E-01 0.35272E 02
70.0C0 75.00 0.61944E 00 0.79404E~01 0.40459E 02 S
75.C0 8000 0.68404E 00 0.64602E-01 0.44678BE 02
80.CO 85.00 0.71123t GO CeZ7105C-01 N.4AL54LE 02
85.C0 90.00 C.T4073E 00 0.29494E-01 0.48381E 02
.- 90,00 95,00 .  0.76619E 09 0.25458E-01 . 0.50044E 02 _
95.C0 100.00 0.79751F 00 0.31320E-01 0.52089E 02
1100.C0 105,00 0.82411F 00 0.26607E-01 . 0.53827E 02 _
105.C0 110.C0 0.84656E 00 0.22443E~-01 _0.55293E 02
. 110.C0 115.00 0.86T745E 00 0.20891E-01 0.56658E 02
115.C0 120.00 0.88448E 00 0.17037E-01 0.57770E 02
120.C0 125.00 C.90101E GO 0.16532E-01 0.58850E 02
125.C0 130.00 0.91806E GO 0.17044E-01 0.59963E 02
130.20 135,00 0.93472E 00 0.16664E-01 0.61052E 02
135.C0 140.00 0.94911E 00 0.14384E-01 0.61991F 02
140.C0 145.00 C.96143E €O 0.12323E-01 0.62796E 02
145.C0 156.C0 0.97438E CO 0.12952E-01 0.63642E 02
150.00 155.00 0.98420E 00 0.981B1E-02 0.64283E5 02
155.C0 160.00 0.99143E 00 C.72271E-02 Ce64T55E 02
. ._160.G0 165.00 0.99467E 0O 0.32387E-02 0.6496TF G2 .
165.C0 170.00 0.99708E 00 0.24107E-02 0.65124E J2
_170.C0. 175.00 0.99912E CO 0.2C472E-02 0.65258E 02
01 02



——¢ ANTENNA" "4/3 " SERIES "~~~

+ ATIC=  C.750 LENGTH= 222,60
TTELZ2= 6D .U T T T T HE 3,00 T L= 22T T
} “ADIUS=  J3.2269RE 11 GAIN=  §.35077E €2 AREA= [.16228E 05
—-TOTAL VOLUME=  72,.,48981% 112 o "MAX(K##2)= $.79617c 92 oo
TOTAL INTEGRAL= 3.,48981E 22
TSI T e e e " "NORMAL1IZED T T e
INTEGRAL FROM UN=-MNORMALIZED
LT T T = INTEGRAL FROM THETAYL TO INTEGRAL FROM
THCETAL THETAZ 3 TC THETAZ THETAZ G TO THETA2
o Ce .62 0.,27482E-52 J.27482E-02 G.1C2332E-T0
TACG DY 15.1C ~5.11538:-2% 0.55941E-02 L.5651€E 5O
15.09 2D .00 0.25159E-01 Ne136215-91 €.12323E 01
2.0 C 2% .90 D+51366E~T1 T.259L57E-51 G.259313E 91 )
25.2¢ 30,00 2.827€675-91 Je32701E-121 0.410308 51
3890 35.00 0.12084E-0UD CeaT70722-01 N,64087E O1
35.50 4400 0.19299E-022 Ue62152E-01 0494529 N1
T GTW0D T 454 D.24929E-04 3e56298E5-71 0.12210E 02
45 .00 Te3l 0.29671E-32 UebT&21E-UL 7+14533E D2
50,07 554%0 - D.34583E-30 £.4912%E-01 0.16939E N2
55.79 62.00 0.3974%5E-C0 Qe3157HE-DL Ce1G4658 22
TCRAR I 65.93 I .450€605-2D .53203E-01 Te22371E N2
65409 T3.40 5.538758 25 Je58155E-T71 De24919E L2
- Ta«{T 15 .5 - DW5T194% 2D 2.63187E-31 0.28514E 02
75.00 Ted0 0.63554E 00 J.63604E-1:1" 0.31135F 722
- BOLY - BSeN ,69478E 24 D.59241E-01 Ce34221E N2
B850 Tl ey LL.T4ELIF DD 5e51733E-11 Ce36564E d2
s QD o0y 95 .04 H.728396E 0D He41578E-01 U.350.00 02
95420 GhH.0) D.B81796E {2 0.29896%-01 Ne40C65E N2
e 2R DN 10580 §.83733E GU © 0.1987DE-D1 Ce41)38E 02
LG5..57 11¢.2D J.85281E a2 0.14982E-01 De&lTT2E 02
“110.03 115.80 - 2.86727E &N T.15062E-21 G.42579E 92
115. 40 1204230 0.88430E 20 N,16123E-01 C.432269t 32
120649 125.50 9.869:29% GO D.15296E-51 T 4448E 22
125.45% 134,70 D.9i324E 22 Gel3T47E-01 Je447T7225 (2
35650 135.00 3.92644% 02 £.133966~21 8.45373E 92
135.L0 140 .56 0.92964E 0O Ge12200E-TL T.46325E 32
L4050 145439 “3.95U8BTE 29 Ge11229E-31  5.46575E (2
“45.00 152409 0.,9€161E 0 D.1727642-N01 Je&4T10LE 22
150438 155,50 5.973¢658 <0 (G.12338E-21 $.67691E 2
155,00 160.50 2.58213t dou DeB4ET2E-122 G.48176E 32
- 260639 165.50 J.98823E A Q.62575E-732 {e484128 H2
L65.00 17270 9.99379% & $e54052E-02 Ce4BOTTE Q2
L T0 WD 175.27 0.99739& ¢ - 3.35924E-C2 0.48853E 22
TA35.0L90 18%.0%¢ 0.17038E Q1 De26141E-112 T« 4BGB1E T2




- L ANTENNA  4/3 SERIES S - -
*IATIO=  LL.750 LENGTH= 226.4(
ce ~1EL2= 22459 - -~ H= 500 - -Hl= 3.75 e
ADIUS= 2,22226E Gi CGAIN= 3,13542F 03 AREA= [,22526E D5
- TOTAL VCLUME= D445962EF ©2 MAX{Ke=Zz)= a,30G98E 03 R -
TCTAL INTEGRAL= 9,45990:= <2
T e e o Co NOGRMALIZED - -
INTEGRAL FROM UN-NORMALIZED
T e s e - INTEGRAL FROM THETAL1l TO INTEGRAL FROM
THETAL THETAZ 5 TC THETAZ THETAZ O TO THETAZ2
C e 5eild 5.35158&e-21 je35158E-01 Ge16169F 91
e 10,00 - 15,00 0172245 -3C - 13.65T44E-2) N.T6214E T1
15.00 20 .0 0422161E5-2) Ge593T72E-D1 DJ17E52E 32
206405 255D 3.2911z-Ca 0.594G15-31 Ge13388c w2
25400 35.90 34352725~ N1,61553E-u1 | N.16221E 02
233,09 35.G0 De&16TLIE-TO D640 13E-D1 Ge1G165E D2
35433 40,70 D 48636E-04 N TC15GE-DL $.22391E &
4C .00 454,30 0559958 T4 GoT3084E-0] {e25752E D2
45,00 50439 D.57652E G De465T72E-D1 0.27894E 72
5Ge 0} 5eliD D.6303445 59 (ie23924E-0i1 £.28B9%4E 02
550D 6017 Je65142E Cv4 G.20982E-ul D.26959E 92
6008 6500 D.66TIHE QU 1:215638E-31 G306T3E 532
65,09 TS0 0.68539E D Ce18834E~-01 0.31544C Q2
7200 T72.L0 Q.7:178E I 0415880 E-01 0.32275E 52
T15.0% 80,710 J.T14495 (3 0e1262HE-01" 0.32855E D2
80 .09 85450 §.726*3E & G.11629E-01 $.333G60E N2
85.02 LTSy Se72283E 20 .137G65E-21 0.34225C 22
- 90.:0 500 D.75884E G J,109411E=-u1 Ue345550 &
: 95 .00 15,350 Q. TT4E5E 0T {.15818E=-0] Ce35hA27E 92
T e WG 155622 79618 LG - Ge21481E-GL He36614F 2
i95.492 112440 D.8216%E GO £.25462E-51 $.37785€ G2
S116.08 115.80 9.84135E 40 Ge1G752E-01 D.38594E 32
115,00 123439 VeB3982E I 0.1B445E-21 0.39543c 2
L2C o OiF 125.4Q DeBTIL5E 4Q Ge19341E-01 D.43:433C 52
12590 130439 J.83975% 0L $e2i594E-01 0.41383E 2
133.0% 135,49 D.9.873E &9 L.18G76E-(1 Je42252F L2
135.0) 147500 0.935656F 235 Ge16938E-01 £.43031E L2
LeL o 00 145.30 095594 Lo 5e15230E-ul Je43T734E 52
145,04 1527 D.96438E JU J413938E-01 Je44375E D2
155423 1674452 D .98744E 20 0.9815%£-02 (.45412€ J¢
16T43D 165 .37 0.99363E 60 6. 61686E-02 £.456956E 02
265410 172399 0.929662E O 0e331431E-D2 0.45835L N2
~ B oL ¢] 175,40 D.99874F &9 J.2118%E-02 345932t G
- <T15.00 183.603 DJ100GQE ol 5412649:5-12 Ce4599NE C2



4 —ANTENNA~—4/3 SERIES "

TTUIEL2= 68 .00
) :ADIUS=
—— [GTAL VOL

1

ATIC=

675 LENGTH= 228.69
I LR T ok e P &
3.23751t 01 GAIN= D.47991E 52
L= U.SE119E 32 T MAX(K=22)=

TOTAL INTEGRAL= D.56119L 32

THETAL
:.;. -
5.20

104085

15.09
20493

2250

3D,

35.84)

4G LT

45.00

- 50450

55.00
65.00
65.7C
T5.9D
- 8;’.;)
85.00
EIHPRE LS
5.00

DD, 00

W15.00
2234930
225470
.35.00
ULt Iyl
l45 o'}:‘
253400
255440
RN -3 PR Y
265.00
S £ FeTs
753D

THETAZ 3
592
10,97
15.M
2590
- 25459
33.00
35,50
40400
45,450
50 420

T% 2%

[~
LR u»’

8L« T
Yiret
95.7)
190 .0§
195,040 -
119.90
115520
12290
125,73
139390
135.80
147,40
145.70
15U el
155.00
163G .79
165 .'{3{3
17000
217599
180 0

R

0.17620E O

~~INTEGRAL FROM -

TO THETAZ
D.14423E-22
D.57297:-C2

"9.1636BE-21

D.27502E-51
D.392998-01
2.64932E-0

5.19123E-530

CelBTS53E-30

0.220175-09

J3427981E-C0
D+333257E-39
0.38873E-290
Deb4643E-10
P.5C7398 32
J.56482E 55
Q.62742E T
- 0.696688 GC
CeTSN23E M
J.T78998E J0
0.81034E 3%
0,82398% 02
D.BLETTE 0O
-0 .B86:38BE O
U«883L0QE Q0
3.89838F 4T
D.91544E 3D
D.93247E QU
0.94499: 5
J.95933E QU
396796 29
D.97373E L7
De98334E v

D.29i62z B
1995822 0
2,99843c ¢

"o -

"NORMALIZED
INTEGRAL FROM
THETAL 10
THETAZ

7.14423E-02
0e35874C-02
411339E-731
S4e11134E~11

S.11797E-11
qe25632€-01 .

Ge36273E-31
0e56333E-01
fe62632E-D1
0.59644E-01

Qe52759E-11 -

3.55162E-01
CeSTTLLE-B1
Ce67960E-21
De57495F-01

(0.62543E-21

Qa66257E-01
C.57570E-11
Fe34824E-C1
1.21268c-01
Cel19633E-41
3.18796E-01
$e17313E-51
0.16918E-31
£.,15372E-01
$.17063E-01
C.17u32E-51
T.12529E=-21
0e14336E-C1
Je8628TE-D2
TN TBIBTE-12
D.804309E-02
G,77645E-22
Uet2164E-02
C.26L88BE-T2
Gel57T42E-02

3.7 T
0.79329E T4

AREA=
J«11398E 03

UN-NORMALIZED
INTEGRAL FROM
G TO THETAZ2

0.801939:-01
G.28226E-(D
"Ce91B5TE AN
B.15434F 1
$0.22254E C1
Ce36439E )
f.56793E D1
Ce82407F ©1
DN,12356F 02
C.13733E 2
2.18720F L2
De21815F 2
©.25453 22
T.2847T4F 02
Ce31TT1E N2
2.35211E €2
©2.35J97E 02
N.42328E 2
GeB4282: U2
L.45476C 02
£.46578E 92
0.47632E 22
C.4B6024E G2
$5.46553E 22
NeST4IBE a2
L.51374E 722
$:.52329t T2
C.53L32c 92
{.53827F 02z
T.54321EF N2
N.54761E D2
(.55212%8 U2
(:.55&48E G2
Le55BA4E T2
N.564031€ T2

02

Ce56119E



— ¥ ANTENNA 4/3 SERIES

LENGTH= 228.60

. tATIO= 2.750
--JELZ= Z2Z.5% ~= - - H= T30 o - Hl= 5.25 B
CADIUS=  £,.22768E 41 GAIN= ».166935 33 AREA= N,14167E
S .TORTAL VOLUME=  QJ,49438F 2 MAX(K=#%2)= ¢{.38G06F D3

TOTAL INTEGRAL=

V.46438E 22

INTEGRAL FROM

THET Al THETAZ

-NORMALIZED

UN-NORFMALIZED
INTEGRAL FROM

INTEGRAL FROM
THETAl T0O

D TC THETA2
Do 5-‘)') 0..,_ 16C"3:
5.0 10.00 V12725035
e 1B GGG 15422 - - G T145E-5
15.069 20«35 D.24224E-270
2000 25.7% Qe3581r9E~-00
230 “»“ 30033 3 3782"—“93
- 3G.03 35425 0+45U94E~-23
35409 43430 0521698 QO
43400 45,03 0.59933% &¢
45,30 53.20 V.63351Z ©J
55.730 673D .6£656= 0
6L .Gl 65 .07 D.68116E GO
65 .00 T0.95 3656538 DI
2O 7520 D.T3868BE 24
75433 80.3) De726356z U9
800 85.20 0742535 D4
gz, QT 0 ﬁ.?SébBF 239
95,064 12C . 3.77747: 3
000G 125 .01 J.TRBTLIE I9
105.02 115.09 0.8%06%F 95
110,035 115.¢9 -D.B82143E (L
11592 12049 CeB84ET4E S0
120403 125.u2 JBEIL3E 5
25400 133.9¢C J+B8B8E83FE 23
S R3¢ 00 135.99 G.97448 UD
‘4D.i3, 145.::2 D.936375 5J
145, 153.10 0.95275¢ 04
lSC.ﬁS 155.0% D.956395 ¢
255.02 LED 5D 9.978725 Q%
: 26GeD 1565.02 ) +9E838BE L.
Y €1 £ 15! 17550 0.99844c U
LT5.G% 182440 D.10G07E O

De15565&-32

THETAZ2 0O TO THETA2
De382G6E~D1 DL1RTBIE 4}
Ce64T19E-01 Ge«5.T85E 51
Ce68729E-41 {:a 847632 01
COTI0T82E-TC1 C.11976E 02
Ge65G46E-11 Ga15236E N2
CeT2CLI6E-1L | 3.18698E 92
D.72736HE-T1 (422293E 22
GaT2751e-01 Ce25791E 62
GeTT638E-01 (:429629E 32
Te34189E-51 $631320E N2
$H.17829:~C1 D.32201F 42
0.15219e-1 e32954E 2
Ne1362GE-T1 Ge33627E 02
Cel15193E-01 0.34378E 22
‘."0133 BE-dl ‘30350165 DZ
Gel7976c-011" 0e359L5E 2
2.1586TE~-1:1 e36T7C9E D2
el4l52F-01 (3.37409E 32
0e11967E~- (.’ Ged3BiiLE Yy
wo875:'%3:‘ {:038433 QZ
;.113?95-)1 (:«3BG92E D2
G,118R9E-41 (.36580E 52
f;4234325-31 G 48590k Q2
£e25731E-21 C.418€61E Q2
3022368E-:i1 Ge4296BE D2
Cel7701E-11 N.43843F Nz
Cel17645c-21 Ce4b6T16F 32
0,16462E-021 1.45530E 02
$.15624E-51 Ce46302E 22
£e16183E-01 Ne&T1VZE 42
e14238E-1 C.4TBTHE 02
Ue11735R-01 Ce48386L €2
L6017157E-1011 D.4B8888F 2
e TNEGLKE-TZ De49238E 2
0,24952E-32 0446361 52

- Q.49436E 22

25



.V ANTENNA 4/3 SERIES

, RATIC= 0.750 LENGTH= 228460
- DEL2= 22.50 o H=_1.00 Hl= 5425 . . ... o
RADIUS= 0.22768E 01 GAIN= 0.156692E 03

AREA= 0.14167E 05
_TOTAL VOLUME= 0,49438E 02 _ MAX(Ke2)= 0.3B006E 03 . ._ .

TOTAL INTEGRAL= 0.49438E 02

- S A _NCRMALIZED . R
INTEGRAL FROM UN-NORMALIZED
SV INTEGRAL FROM THETAl TO . . . INTEGRAL FROM
THETAL THETA2 O TO THETAZ THETA2 0 TO THETAZ
e 0e . 5.00 0.38006E-01 0.38C06E-01.. .. 0.1878SE 01 S
S5.C0 10.CO 0.10272E-CO Ce64719E-0C1 C.50785E 0Ol
.10.C0 . 15.00 0.17145E-00 0.68729E-01 ~ 0.84763E Ol e
15.C0 2C.00 0.24224E-00 0.70790E-01 0.11976E 02
... 20.C0 . 25400 .0«30819E~-00 0.65946E-01 - . 0e15236E 02 e e e
25.00 3C.00 0.37821E-CO C.70016E-C1 0.1869BE 02
. 30.00 135.00 C+45094E-00 0.72730E-01 . 0622293E 02
35.C0 40,00 0.52169E CO 0.70751E-01 0.25791E 02
.. 40.C0 45.00 0.59933E GO 0.77638E~01 0.26629E 02
45.%0 5C.00 C.63351E 00 0.34189E-01 0.31320E 02
50.00 55.00 0.65134E 00 0.178295-01 . 0.32201E 02
55C0 60.00 0.66656E OC 0.15219£-01 0432954E 02
. 60.C0 65.00 0.68018E 00 0.13620£E-01 0.33627& 02
65.C0 70.00 C.69538E 00 0.15193E-01 _ 0.34378E 02
... 10.C0O ~15.00 0.70868E CO - 013308E-01 0.35036E 02 _
75.00 80.00 0.72666E CO 0.17976E~-01 0.35925€ 02
. 80.CO - B85.G0 0. 74253t U CelZ28£7E-01 0.3€6709E 02
85.C0 90.00 C.75668E 00 0.14152E-01 0.37409E 02
_.90.C0 _ 95,00  0.76865E 00 0.11967E-01 .. 0.38000E 02
95.G0 100,00 0.77740E CO G.87583E~C2 0.38433E 02
.100.C0 . 105.00 C.78871E 0D 0.11309E-01 _.0e38992E 02 = . __
105.C0 110.00 0.8)0060E Q0 0.11889E-01 0.3G6580E C2
. 110.6C0 115.00 0.82103E 00 C.20432E-01 - 0+.4CS590E 02
115.C0 120.C0 C.84674E CO 0.25701E-01 0.41861E 02
120.60 125.00 0.86913E 00 0.22398E~-01 ~ 0.42968E Q2 -
125.C0 130.C0 0.88683E 00 0.17701E-01 0.42843E 02
130.C0 135.00 C.90448E 0O 0.17645E-01 0.447T16E 02
135.C0 140.00 0.92094E 00 0.16462E-01 0.45530E €2
- 140.CO 145,00 0.93657E 00 . 0.15624E-D1 0.46302E 02
145.C0 15C. 00 0.95275E CO 0.16183E-01 0.47102E C2
~ 150.C0 155.00 0.96699E 00 0.14238E-01 . - 0.47806E 02 B
155.C0 160.00 0.97872E 00 0.11735E-01 0.48386E 02
. 160.C0 165,00 0.98888E 0O ~0.16157E-01 - 0.48888E 02 = =
165.C0 170,00 0.99595E 00 0.70694E-02 0.49238E 02
- 17C.C0 175.00 - 0.99844E 00 = 0.24950E-02 0.4G361E 02
175.C0 18C.00 0.10C00E O1 0.15565E-02 0.4G6438E 02




" v ANTENNA
RATIO= O©.

3/4 SERIES

800

LENGTH= 228469

DEL2= 22.50

- TOTAL INT=GRAL=

T THETAYL

O.

T 5.00

1C.CO
15.00
20.00

30,00

35.00

40.20

© 454,00
50.00
"55.00
60.00
65,00
70.00
" 75,00
80.00

T 85.00
90.00
95,00
100.00C
‘105,00
110.00
115.00
120,00
~125.00
130.00
135.00
140,00

" 145.00
15C.00
7155.09
160.00
165,00
170.00

" 175.00

- 25.00

T THETA2
5.00

15.00
- 20.00
25.00

25,00
~ 40.00
45.00
50.00
55.00

€0.00

65400
70.00
715,00
80.00
35.00
1 90.00
95.00
130.00
1£5.00
1i0.00
1:5.00
120.00
125.00
"130.00
1:5.00
140.00
1+5.00
~130.00
1:5.00
100.00
170.00
175.00
180.00

20,00

TRADIUS=  0.:.9346% 01
TOTAL VGLUME=

0 TO

10.00

H=
GAIN=

0.30328E 02
0.30328E 02

1. 25

0.15399E 0zZ

NORMALIZED
INTEGRAL FROM

INTEGRAL FRCM
THETAZ
0.5829CE-C2

0.49528E-01
0.84370E-01
0.12600E-C0

" 0.17387E-C0

0.22831E-CO
0.29000E~30
0.35925&E-C0
0.435155-C0

0.22793E-01

THETAL TO
THETA2

0.58290E~02

AREA= 0.40984E 05
MAX(Ke#2)= 0s29790E 02 _

UN-NORMALIZED

INTEGRAL FROM

-0

TO THETA2

 0.17678E-00

0.16964E-01

0.26735E-01

0.34843E-01

0.41625E-C1

0.54437E-01
0.615692E-01
0.69244E-01
0.75899E-01

" 0.4T7878E-01
0.69242E
" 0.87952E

0.51517& CO 0.8C028E-01
0.59534E CO =~ 0.80171E-01 -
0.67097E 0 0.75630E-C1
© 0eT277EE 00 0.66774E-01
0.79270C CO 0.54955E-01
0.83480E GO 0.42097E-0C1
0.86496E CO 0.30155E~-01
" 0.88560EF CO  0.20649E-01
0.89998t CO 0.14374E~-01
0.911305 CO~  0.11325E-01
0.92210E 00 0.10501E-01
0.93377E €O 0.11667E-01
0.94648% CO 0.12714E-01
0.95949t 20 0.13009E-0C1
0.97162E CO 0.12129E-01
0.98180:= 20 0.10177E-01
0.98942t CO 0.76228E-02
0.99446c <0 0.50415€E-02
0.,99735E 00 0.28915E-02
0.99875E G0 G.13983E-02
0.99931c (O 0.55719E-03
0.99952t (O 0.20890E-03
0.99966E 00 0.13772E-03
0.99981E <O 0.15266&E-03
0.99994c CO 0.13586E-03

0.1000CE 01

0.55154E-04

0.27638EC

0.69125E
0.15021E
0.25588E
0.38212E
0.52732E

01
01
0l
01
01
01
02
02
02

0.10895E
C.13197E
0.15624E
0.18056E
0.20349E
0.22374E

~ ~s NN
Vel Tus av

0.25318E
0.26232E
0.26859E
0.27295E

02
02
02
02
02
02
02

0.27966E
0.28319E
0.28705E
0.29C99E
0.29467E
0.29776E
0.30007E
0.30160E
0.30248E
0.30290E
0.30307E
0.30313E
0.30318E
0.30322E
0.30326E
'0.30328E

02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02

o0

02

0z



< V. ANTENNA

" RATIO=

DELZ2= 60.CO

RADIUS=
TOTAL VOLUMT=

TOTAL INTEGRAL=

T THETA1
O.

500

10.C0O

“15.00°

20.00
'25.00
30.00
35,00
40,00
45,00
50.00
55.00
60.00
65.00
70.00
75.00
80.00
85,00
90.00
95.00
100.C0
105.00
110.00
115.00
12G.00
125,00
130.00
135,00
140,00
'145.00
150.00
~155.00
160.00
165.00
i70.00
~175.00

N

)

5/4 SERIES
0.830 LENGTH= 228.60
H= 1.25 Hl=
D, 21051E 01 GAIN= D0.27326E 02
0.39073E 02 MAX(K##2) =
(,39073c Q2 '
NORMALIZED
INTEGRAL FROM
INTEGRAL FRCM THzTAl TO

T THETA2
5.00

15.00
20.00
25.00
20.00
15.00
100000
<5,00
£0.00
55.00
50.00
55.00
10«00
75.00
80.00
85.00
50.00
35.00
150.00
105.00
1:10.00
1:5.00
12C.00
125.00
1:0.00
135.00
140.00
145.00
120.00
155,00
1¢0.00
1€5.00
17C.00
175.00
150,00

T710.00 0

"0 TO THETAZ

0.84814=-C2
0.30539E-C(1
0.59082E~0
0.89202E-C1
0.12090E-CO
0.15685E-CO
0.19847E-CO
0.24435E-CO
0.29157E-00
0.33780E-CO
0.38232E-C0
0.42569E-C0
0.46888BE-C0
N_812A7F CO
0.55742E €O
0.60318E CO
0.64981E CO
0.69691E CO
0.74377E €O
0.78927Z CO

0.8319CE CO

0.86995E CO
0.90184E GO
0.92654% 00
0.94402& 00
0.95538E CO
0.96263E CO
0.96801E GO
0.97320E CO
0.97875t (O
0.98429F CO
0.98923E 00
0.9933€€ O
0.99672c CO
0.99911t CO
0.10000E 01

" THETAZ

0.84814E-02
0.22057£-01
0.28544E-01
G.30120E-01
0.31702E-01
0+35947E-01
0.41618E-01
0.45884E-01
0e47221E-01
0.46227c-01
0+.44516E-01
0643369E-01

AREA=

0.57523E 02

UN-NORMALIZED
INTEGRAL FROM

0.42197E-01

D.43786E-01
Oeb44T46E~-01
0.45765E-01
0e46626E-01
0.4709%E-01
0.46860E-01
0.45502E-01
0.42636E-01
0.38051E-01
0.31881E-01
0.24702E-01
0.17484E-01
0.11354E-01
0.72473E-02
0.53830E-02
0.51873E-02
0.55502E-02
0.55363E-02z
0.49393E-02
0.41313E-02
0.33630&E-02
C.23856E-02
0.89200E-03

0.11933E
0.23086E
0.34854C
0.47241E
0.61287E
0.77548E
0.95477TE
0.11393E
0.13199E
0.14938E
0.165633E
0.18321E
0.20032E
0.23568E
0.25390E
0.27230¢t
0.29061E
0.30839E
0.32505E
0.33992E
C.35238E
0.36203E
0.36886¢E
0.37330¢E
0.37613E
0.37824E
0.38026E
0.38243E
0.38460E
0.38653E
0.38814ct
0.38945¢E
0.39039¢E
0.39073E

TTTC0CTO THETA2
0.33140E-

00
01
01
01
01

oL

01
01
02
02
02
02
02
02
62
62
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02

0.72728E 05



6

"V ANITENNA 574 SERIES

TRATIO=

0.8¢0

DEL2= 22.50

RADIUS=
TOTAL VOLUML=
TOTAL INTZIGRAL=

© THETAL

0.
10.00
15.00
20.00
25.00
30,09

- 35.00
40,00
45.00
50.00

55.00

60.C0

T 65.00
70.00

- 75.00
80.00

T 85.00
90.00

T 95,00

106.00
© 105.00
110,00
"'115.00
120.090
T 125.00
130.00

135.00

140.00

" 145.00

150.00
"7155.00
160.00
- 165.00
170.00
7717500

5.00

G.21567F Ol
0.42018E 02
"0.42018E 02

INTEGRAL FROM
0 TO THETA2

THETAZ
5.00
10.00
15.00
20,00
25.00
30.00
25,00
40600
45400
Z0.00
58.00
60,00
£5.00
10.00
75.00
30.00
85.00
90.00
$5.00

- 1C0.00

1C5.00
120.00
1i5.00
120.00
125.00
130.00
135.00
14G.09
145.00
150.00
155.00
1&0.00
1¢5.00
170.00
175.00
130.00

T 04697T1E

"0.77231E

"0.89719E

T TLENGTH= 228.60

H= 3.75
GAIN=

0.28503E-C1

0.96460E-01

0.17009E-CO0
0.23552E-G0
0.295405-C0
0.3%5369E-CO
0.41590E-CO
0.48652z-C0
0.55827E CO
0.62027t CO
0.66846E CO

0.70974EC

A.ﬂﬁnnlt

v Tl o e

0.73610¢c
0.74678E
0.75633E

o
an
co
00
co

0.79009E
C.B0746E
0.82979¢
0.85506E
0.BT731E

o
20
co
co
0
20
€o
0o
co
o
co
o
0o
30
co
00
0o
el

0.91514¢F
0.93C30E
0.94607E
0.96307E
0.97641E
0.98434C
0.98990¢
0.99474E
0.99789E
0.99917E
0.99973¢
0.1000CE

co

o

0.10008E 03

"AREA=  0.29597E 05

_ MAX(K==2) = 0.21585E 03 =

NORMALIZED

" INTEGRAL FROM
THETAYL TO

THETA2
0.28803E-01

0.67657e-01

0.736320E~-01
0.65427E-01
0.59879E-01
0.58292E-01
0.62210E-01

" 0.70620E-01

0.71749E-01
0.62004E-01
0.48191E£-01

0.12030E-01
0.11089E-01
0.15267E-01
0.10680c-01
0.95551E-02
0.15978E-01
0.17781E-01

" 0.17364E-01

0.22331E-01
0.25270E-01
0.22248E-01
0.19889E-01
0.17941E-0C1
0.15163E-01
0.15770E-01
0.17002E-01
0.13342E-01
0.79215E-02
0.55527E-02
0.48444E-02
0.31506E-02
0.12732E-CG2
0.56950E~-03
0.26535E-03

0.29252E-01

UN—-NORMALIZ

 INTEGRAL FROM
0 TO THETA2

0.12102E
' 0.40530E
D.T71468E
0.98959¢E
0.12412E
0.14661E
0.17475E
0.20443E
0.23457E
0.26063E
0.28087E
0.29317E
0.29822¢E
0.30288E

N Nl

e 2UYLTL
0.31378E
0.31780E
De32451E
0.33198E
" 0.3392B8E
0.34866E
0.35928E
0.36B63E
0.3769BE
0.38452Et
0.39089E
0.39752E
0.40466E
0.41027¢C
"0.4136CE
0+41594E
0.41797E
D.41929E
0.41983E
0.42007E
0.42018¢

ED

01

01

01
0l

02

02
02
02
02
02
02

0z

02

02

02
02
02
02
02
02
02
02
02
02
02
02
02
02
02

02

02
02
02
02
02



Vv ANTEANA £/4 SERIES

i

L~

RATIO= 0.820 LENGTH= 228.60
DEL2= 60.00 H= 3.75 Hl= 3.00
RADIUS= 0.23124E 01 GAIN= 0.,42703t G2 AREA= 0.12628E
TOTAL VOLUM.= 0.51791t 02 MAX(Ke%2)= 0.98744E 02
TOTAL INTSG?AL= 0.51791E 02 ' o o " T
NORMALIZED
INTEGRAL FROM UN-NORMALTZED
INTEGRAL FRCM THETAl TO INTEGRAL FROM
“THETAl ~~ THETA2 ~ 0 TO THETAZ THETAZ2 T T QTO THETAZ
C. 5.00 0.21826E-02 0.21826£-02 0.11304E-00
-~ 5,00  T10.00 T 0.83434E-02 0.61608E-02 " 0.43211E-C0
10.00 15.00 0.15782E-C1 0.74382E-02 0.81734E GO
" 15.00 20.00 0.23277£-C1 '0eT4953E-02 0.12055E 01
20.00 25.00 0.40110£-C1 0.16833E-01 0.20773E 01
© 25400 "30.00 " 0.75161E-"1 0.35052E-01 - 0.38927E 01
30,00 25.00 0.11661E~-CO 0.41448E-01 0.60393E 01
35.00 40,00 0.17714E-CO 0.60528E-01 0.91741E Ol
4C.00 45.00 0.24332c-C0 0.66184E-01 0.12602E 02
45,00 50.00 0.29700&-20 0.53678E-C1 0.15382E 02
50.00 £5.00 0.352155-C0 0.55148E-01 0.18236E 02
55.00 50,00 0.40919:2-C0 0.57042E-01 . 0.21192E 02
£0.N0 55,00 0.46750E-C70 0.58207E-01 0.24212E 02
65.00 70.00 0.>2936E CC 0.A1861E-Cl 0.27416E 02
70.C0 75,00 0.59027E 00 0.60913eE-01 O.sud71iC &2
“75.00 20.00 0.548275 CO 0.58005E-01 0.33575E 02
80.00 35.00 0.70512c Q00 0.56643E-01 0.36519E 02
85.00 50.00 0.75776¢ CO 0.52541E-01 0.39245E 02
90.00 95.00 0.79880E GO 0.41043E-01 0.41371E 02
95.00 150.00 "0.82541E CO 0.266C3E-01 0.42T749E 02
100.00 155.00 0.84371E €O 0.18300E~01 0.43696E 02
105.00 110.00 0.86189E €O 0.18184E-01 0.44638E 02
110.00 115.00 0.88072E GO 0.18832E-01 0.45613E 02
" 115.00 120.00 0.89604E €O 0.15317E-01 0.46407E 02
120.00 125.00 0.90805E 30 0.12011E-01 0.47029E 02
©125.00 130.00 0.91946% CO 0.11412E-01 0.47620t 02
130.00 135.00 0.93026E CO 0.10794E-01 0.4B179E 02
135.00 140,00 0.94101E CO 0.10757E-0C1 0.48736E 02
140.00 145.00 0.95190% 00 0.10890E-01 0.49300E 02
145.00 150.00 0.96249E CO 0.10583E-01 0.49848Et 02
150.00 125.00 0.97208E Q0 0.95935E-02 0.50345:z 02
- 155.00 1:0.00 0.98366E CO 0.11578E-01 0.50944E 02
160.09 165.00 0.99050E CO 0.68464E-02 0.51299€E 02
165.90 170.90 0.99479: 0 0.42828E-02 '0.51521& 02
170.00 17/5.00 0.99787E GO 0.30836E-02 C.51681E 02
175.00 120.00 0.10000E 01 0.21302E-02 0.51791E 02



"V ANTENNA

574 SERIES

RATIC= 0.8(0 LENGTH= 228.60 o
- DEL2= 22.59 H= 6425 Hl= 5.00
RADIUS= 0.22721E 01  GAIN= 0.16797% 03 " AREA= 0.1i78B2E 05
TOTAL VOLUMT= 0.49133E 02 MAX (Ke=2)= 0.38164E 03
TOTAL INTEGRAL= 0.49133E 02 S o T
NORMALI ZED
INTEGRAL FROM Uin-NDRMALIZED
INTEGRAL FR(CM THETAl TO INTEGRAL FRCM
“THETAL ~ THETA2 ~ 0 TO THETA2 THETA2 o 0 TO THETA2 B
O. 5.00 0.39310E-C1 U0e39310E-01 0.19314E 01
75,00 10,00 0.10726E-00 0.67T952E-01 0.52701E 01 i
10.00 15.00 0.17217E-CO 0.64912E-01 0.84594E 01
{ T 15.00 20.00 0.24258E-C0 0.70408E-01 0.11919E 02
) 20.00 25.00 0.311510-C0 0.68923E-01 J.15305E 02
25.00 T :0.00 T 0.37987E-CO 0.68360E£-01 0.18664E 02
30,00 35,00 0.45285%-C0 0.72985E-01 D,22250E 02
T 35,00 " 40400 " 0.52356% 20 0.70706E-01 0.25724E 02
40.09 45,00 0.58970% 20 0.66140E-01 0.28973F 02
T 45,00 50.00 0.64090= Q0 0.51203E-01 0.31489% 02
50.00 55400 0.65808E 20 0.17185E-01 U.32333E 02
55,00 © 60.00 0.674T4E5 20 0.16651E-01 T 0.33152E 02
60,00 $5.00 0.69193E 20 0.17191c¢-01 0+32996E 02
{7 T 765400 7 T0.0u 1 G.7C2E0C an 0.17572E-01 0.34859c 02
70.00 15,00 0.72130% CO 0.11806E-01 Oe35%%CE8 02
75400 £0.00 0.72307% GO 0.11770E-01 0.36018E C2
( 80.020 85,00 0.746386E C0 0.13303E-01 0.36671E 02
TTT85.00 77 7 90.00° "De75839E (GO " 0.12008E-01 0.37261E 02 i
l 90.00 95,00 0.77579E CO 0.17404E-01 0.381L17E 02
{7 77795.00 7 130.00 0.79326% 20 T0.1T74T3E-01 ~  0.38975E €2 -
i 100.00 155.00 0G.81399E 20 0.20729E-01 0.39994E 02
, 305.00 1:0.00 0.83621% 00 0.22218E-01 0.41085E Q2
¢ 110.00 1:5.00 0.85359E 0 0.17477e-01 0.41944€ 02
©115.00 120.00 "0.87099E CO "0.17298E-01 0.42794E 02
120.90 125.00 U.88841F D 0.17428£-01 0.43650E 02
'( "125.00 120,00 ""0.90507E 20 0.16633E-01 De44468% 02
13C.00 135.00 0.920795 CO 0.15725E-01 0.45241E 02
135.00 14000 0.93743% (0 0.16537c-01 0.46058E 02
VO 140,00 145.00 0.95551E (0 0.18078:-01 0.46947E 02
" 145.00 150.00 ‘0.96854c TO 0.13032:2-01 0.4T7587E 02
150.00 155.00 0.97988E (O 0.11340E-01 J.48l44E 02
’(;*"'155.00 150,00 0.98834E 20 0.84545E-02 0.4B560E 02
160.00 165,00 C.99373& 0 0.53851:-02 0.48824% 02
165,00 170.00 D.99762E 20 De33862E-02 0.49015E 02
g 170.00 175.00 0.99922F 20 0.16021E5-02 0.,49094EF 02
i 175.00 180,00 0.15000€ C1 - 0.78281E-03 D.49133E 02



A’.\
{

- TOTAL INT:=GRAL=

V ANTENNA =/4 SERIES

RATIO= 0.870 "LENGTH= 228450

DEL2= 60.C0 H= €.25 Hi= 5.00

RADIUS= De.Z&216C 01 " GAIN= 0.6C283E 02 " AREA= 0.54177E 04
TOTAL VOLUM = 0.59484E 02

MAX (K=#%2)= Cl.145938E 03
5.59484E 02 ‘ I S
NORMALIZED

INTEGRAL FROM UN-NORMALIZED

INTEGRAL FR(M

THZTAl TO INTCEGRAL FROM
““THETALl ~~~ THETA2 0 TO THETA2 THETAZ h 0 TO THETAZ T
0. 5.00 0.17949E-02 0.17949&-0¢ 0.10677c-00
5400 7 10.00 ~ 0.53090E-22 0.35141E-02 ~~  "2.31580E-00
10.00 1500 0.13064E-C1 0.77550E-02 J.77710E 00
15.00 20.00 " 0.25789E-%1 0.12725E-01 U.15341t 01
20.00 25.00 0.42935E-0C1 0.17145c-01 0.25339E 01
25.00 30.00 0.59952:-C1 0.17018E-01 D.35662c 01
30.00 45,00 0.£90462-C1 0.29093E-C1 0.52968z 0l
35.00 40,00 0.14154E-70 G.32494E-0C1 0.84194E 01
40.00 45,00 0.206356-C0 0.64810c-01 0.12275c 02
45.00 €0.00 0e27459E-T 0.68237e-01 0.16334E 02
50.00 £5,00 0.33512E-0C0 0.60535E-01 0.19935c 02
55.00 60.00 0.39292E-C0 0.57795E-01 . 0.23373% 02
6Ue00 £5:.00 0e45447C-20 0.61552E-01 0.27034E 02
65.00 10.00 0.52073t U C.%4£2580r-01 0.30G75E 02
70.00 75.00 0.58409t CO 0.63359E-01 O34 144t Uc
75.00 30,00 0.65957t ©0 C.75485E-01 0.39234E% 02
80.00 35.00 0.72963t (0 0.70058E-01 0.43402E 02
85.00 90.00 G.76864% (O 0«39G09E-01 0.45722€ 02
90.00 95,00 0.79066E% <O 0.22014E-01 0.47032 02
95.09 100.90C 0.81616E 20 0.25500£-C1 C.48548E 02
1G0.00 1u5.00 0.84073% 00 0.24572c~01 0.50010E 02
©105.00 1:0.00 0.85914% CO 0.18415E-01 0.51105E 02
110.09 115.00 0.87578% CO O.16641E-01 0.52095E 02
© 115.C0 120.00 0.89161E <O 0.15823E-01 0.53037% 02 -
120.00 125,00 0.90703= CO . 0415421E-01 0.53954t 02
125.00 120.00 0.92091E (O 0.13884E-01 G.54780E 02
130.00 135,00 0.93506% GO 0e14145E-01 0.95621E 02
135.00 1+0.00 0.54693E 70 0.11875E-01 0.56328E 0z
140.00 145400 0.95960c €O 0.12671£-01 D.57081E 02
- 145.00 120.00 0.96967 CO 0.1006¢E-01 D.57680t 02
150.00 1:5.00 0.97872% 0O .0.90541E-02 J.58219E 02
- 155,30 1£0.00 0.98479E 290 0.60704E-02 0.58580E 0z
160.00 1465400 0.99121% €O 0.64179:-02 0.56961% 02
165,00 170.00 0.99640E L0 0.51932E-02 0.59270% C2
170.00 175.00 0.99874% 20 0.23319E-02 0.59409c 02
~175.00 130.00 0.10000% 71 0.12642E~02 0.59484= 02



'V ANTENNA /4 SERIES
RATIO= ©0.839 " LENGTH= 228.60 i i .
- DEL2= 22.50 H= B8.75 Hl= 7.00
RADIUS= 0.23278E 01 GAIN= 0.14953E 03 AREA= 0.81217E 04
"TOTAL VOLUM:= 0.52837¢ 02 MAX{K##2)= 0.34307€E 03
TOTAL INTEGRAL= J.52837E 02 - ' R
NORMALIZED
INTEGRAL FIOM UN-MORMALIZED
INTEGRAL FROM THETAL TO INTZGRAL FROM

“THETAL ~~ THETA2 O TO THETAZ THETAZ 70 TO THETAZ

0.
TTT5.00
10,00
"15.00
20.00
25.00
30.00
"35,00
404,00
45,00
50.00
55,00
60.00
65.00
70.00
75.00
8C.00
" 85.00
903.00
795,00
100.00
105.00
110.00
i15.00
120,00
T 125.00
130.00
135,00
149%.00
145,00
150.C0
"155.,00
160.00
~165.00
170,00
“i75.00

5.00

"10.00

1500
20.00
25.00
- 20.00
35,00
40,00
[;’5000

50.00

25.00
¢0.00
€5.00

70.00

75.00
20.00
£5.00

30.00

55.00

1¢0.00

135,00
1i0.00
1i5.00
120,00
125.00
170.00
135.00
140.00
145.00
150.00
155.00
150.00
1¢5.00
170.00
175.00
170,00

0.30233E-21

T0.90476E-C1

0.17662E-CO

1 0.25312:5-00

0.324365-00

0.397085-€0

0.485032-20

'0.55860C <0

0.62525Et €O
0.64914E CO
0.66790t CO
0.68644E GO
0.69817E €O

0.7106¢% <G

0.72498E CC
0.742595 00
0.76277E GO

" 0.,77806c CO

0.78898E& 0

0.79705E CO

0.80601E €O
0.81778% 0O
0.83308t O

0.85367% 00

0.87683E 00

" 0.89472% CO

0.91003E C0
0.9251CE CO
0.94114E CO
0.95546= {0
0.96971E 00
$.98097c (O
0.98990£ CO
0.99558&c €O
0.59862E 0O
0.10000F Tl

0.30233E-01
0.60242E-01
0.86148E~01
0.76492E-01
0.71242E-01

0.72724¢-01

0.87945E-01
0.7356BE-01
0.66651E-01
0.18758E-01

" 0.18540E-01

0.11731E-C1
0.124464E-01
0e14366E-01
0.17607E-01
0.20173E-01

"0.,15289E-01

0.10927E~01

"0.80678E-02

0.89635E-02
0.11770c-01
J.15297E-0C1
0.20588E-01
0.23159E-01

"0.17891E-01

0.15307E-01
0.15076E-01
0.16038E-01

" 0.14318E-01

0.14251E-01
0.11254E-01
0.89347c-02
0.56832E-02
0.36322c-02
0.13846£-02

0.15974E
0.47804c¢
D.9332¢ck
0.13374E
0.17138%
0.20981¢E
0.25627E
"~ 0.29514t
0.33036¢E
0.34299¢
0.35290¢&
D.36259¢
J.36889¢
De37547E
0.39236%
0.4030ZE
0.41110¢
0.41687E
T 0.42114E
0.42587¢
T 0.43209%
0.44017¢
0.45105E
0.46329t
DG AT274C
0.48083¢t
0.48880¢E
0.49727¢E
0.50483¢E
0.51236E
" 0.51831E
0.52303¢
0.52603E
0,52764E
" 0.52837E

01
01
01
02
02
02
02
0z
02
02
c2
02
02
02
c2
02
<
02
02
02
0¢
02
02
02 .
02
02
02
02
02
02
02
02
02
02
02
02



~~

N,

T S

' v ANTENNA 5/4 SECRIES

"THETAL ~

0.

5,000

10.00

15.00

20.00
30.00
35.00
40.00
45400
50.00

" 55,00

60.00
65.00
70.00
75.00
80.00

85400

90.00

95.00
100.00
105.90
110.C0
115.00
120.00

125,00

130,00
135.00
140400

-~ 145,00

150400

~155.00

160.00
165.00
170.00

~175.00

T THEETAZ
5.00
10400
15,00
000
25.00
" 30,00
3500
40.00
45.00
t0.00
55,00
£0.00
£5.00
70.00
75.00
£0.00
85.00
50.0C
$5.00
170.00
155,00
1:10.00
1.5.00
120,00
125.00
130.00
125,00
1420.00
145.00
150.00
155.00
10,00
155.00
170.00
175.00
1¢0.00

70 TO THETAZ

0.21260E-02

"0.,78409E-02

0.16026E£-01
0.27059E-01
0.41125z-C1
0.61575E-01
0.80188E-01
0.118335-C0
0.,188405-C0
0.265332-70
0.23665E-C0
0.40105E-00
0.46720:5-C0
0.53791c CO
0.61902:% GO
0.69756t CO
0.73356F CO
0.76140& 00
0.78851E CO
0.80927F U0
C.83048E 00
0.85232E8 20
0.87290:c GO
0.89107E 20
0.90697E CO
0.92160E 0O
0.93419E CO
0.94634t CO
0.95888E (0O
0.97020E 0O
0.98023E CO
0.98950t CO
0.99497t CO
0.99864E (0
0.59960E CO
0.10000E Cl

T THeTAZ2

“"RATIC= 0.8(0 LENGTH= 228.60
DELZ2= 60.730 H= 8.75 Hl=
" RADIUS= D.24621E Ol GAIN= 0.8288lc 02
TOTAL VOLUMT= 0.62521E 02 MAX(K=#2) =
“TOTAL INTEGRAL= 0.62521E 02 o
NORMALIZED
T INTEGRAL FROM
INTEGRAL FROM THETALl TO

0.21260&-02

“0.5T149E-02

0.81850E-902
0.11034E-01
0.14065E-01
0.20450E-01
0.18613c-01
0.36138E-01
0.70072E-01
0.76932E-01
0.71316E-01

AREA=

0.20407E 03

UN-NORMALIZED
INTEGRAL FROM

e

0.64408E-01 .

0.66151E-91
0.70702E-01
0.81109E-01
0.78546E-01
0.36003E-01
0.27833E-0C1
0.27116E-01
0.20756E-01
0.21205t-01
0.21849E-01
0.20573E-01
0.18172E-01
0.159032&-01
0.14631E-01
0.12589£-01
0.12145E-01
0.12547E-01
0.11317€-01
. 0.100256E-01
0.92777E=02
0.5463TE-02
0.36684E-02
0.95493E~03
0.403876-03

T3 THETAZ
0.13292:=-00

© D.49022E-00

0.10020E 01

0.16918E 01~

0.25712E 01
0.38497E 01
0.50134E 01
0.73979t 01
0.11779& 02
0.16583E 02
0.21048% 02
0.25074E 02
0.29210% 02
0.33531E 02
0.38702E 02
0.43512E 02
D.45863E 02
0.47603E 02
0.49299E 02
0.50596E 02
0.319228 02
0.53288E 02
0.34575c 02
0.5571it 02 -
0.56705E 22
G.57620E 02
0.58407E 0Z
0.59165E 02
0.59951E 02
0.60658E 02
0.51283t 02
0.61865E 02
0.62207c 02
0.62435E 02
0.62496E 02
0.62521% 02

0.45018E 04



5/ SERIES _
U.820 T ENGTH= 228.600 0
- DEL2= 22.:50 CH= 11.25 Hl= 9.00

RADIUS= C.23763f 01  GAIN= 014875t 03

TOTAL VOLUM:-= 0.56208E 02 MAX(Kz®#2)= 0.35347c 03

"TOTAL INTEGRAL= 0.56208E 02 o : - - -

V ANTENNA
"RATI0=

AREA= 0.48875E 04

f‘\

NORMALIZED
INTEGRAL FROM ~ UN=-NORMALIZED B
INTEGRAL FROM THETAY TO INTEGRAL FRUM
“THETAL™~~ THETA2 0 TO THETFA2 CTHETA2 7 0 TO THETAZ o
0. 5.00 0.15211E-01 0.15211E-01 0.85495E 00
,‘““"5;00"’”“10.00”” T 0.83016E-C1 "0.678065—01"““’0;465615“01“"'““ -
10.00 15.00 0.17143E-GO 0.B88415E-01 0.96357E 01
15.00 20.00 0.25249E-70 0.81062E-01  D.14192E 02
20.090 25.00 0.32970=-C0 0.77208E-01 0.18532E 02
125,00 30,00 (.40960E-C0 "0.79398E-01 0.23023& 02
30,00 35400 0.50660E8 GO 0.97002£-01 0.2B475E 02
T 735,00 40,00 0.58263E (O T 0.76026E-01 T 0.32748E 02
40,00 45400 0.62800% CO 0.45369E-01 C.35298E 02
45,00 Z0.00 0.64681E 00 0.18815E~01 O0.36356F 02
50.00 55.00 0.665415 CO 0.16595E-01 0.37401E 02
—-'55,00 50,00 = 0.68036E CO T 0.14953E-01 . 0.38241it 02
60.00 €5.,00 0.69584E (0 0.16477E-01 0.39168E 02
65400 70,00 ~ T 0.71547E 00 0.18635E-01 ~~ 0.40215E 02 o
70.00 75,00 0.73153% €O 0.16056E-01 0.41117E 02
" 75.00 20.00 0.74564E €O 0.14110E-01. 0.41910% 02
80.00 65,00 0.7603CE O 0.14652E-01 0.42735E G2
©85.00° 90.00 ~ 0.77389t CO © 04 13590E-01 T 0.43498E 02 T
90.00 95,00 0. 78605E €O 0.12158E-01 . 0.44182E 02
95.00 120.00 ~ 0.79770E €O " 0.116528-01 ~  0.44837t 02
100.00 105.00 0.80979E 00 0.12090E-C1 D.45516E5 02
105.00 1.0.00 0.820i6E5 (O 0.10374E-01 0,46099% 02
110.00 115.00 0.82973t CO 0.958666E=-02 0.46637E 02
115.00 120.00 " 0.84356E 0 ©3.13833E-01 0.47415E 02 -
120.20 125.00 G.B6115E (D 0.17588E-CL 0.48403EF 02
" 125.00 130.00 “0.88467E CO " 0.23521E-01 0.49725E 02
130.00 125.00 0.90359% 00 0.1892iE-Cl 0.507869E 02
135.20 1240.00 " 0.92086E (O 0.17262E-01 0.51759F 02
, 140.20 145,00 0.93523E OO0 0.14376E-01 . 0.5256TE 02
-7145,00 130,00 0.94878E O 0.13548c-0C1 T 0.53329E 02
150.00 1:5.00 0.96227¢ CO .0.13488£-01 0.54087t 02
(1 77155.00 1£0.00 0.97508%Z CO 0.12809:5-01 “'0.54807E 02
160.00 155,00 0.98576E 00 0.,10681E-01 0.55407c ©2
165.C0 170.920 0.99345F CO 0.76954E-02 0.55840E 02
170.00 175.00 0.99831&E (O 0.48563E-02 0.56113E 02
T 1T75.00 150,00 0.10000:% Cl "0.16899E-02 0.56208E 02

°



ha o —

V ANTENNA 5/4 SERIES

RATIO= 0.820 IGTH ,
" DEL2= 60.C0 T TH= 11.25
" RADIUS= 0.25140E 01 GAIN=

" TQTAL VvOLUME=

0.66556E 02
TOTAL INTEGRAL= 0.66556E 02

T T T INTEGRAL FROM

_ THETAL TEETA?2 0 TO THETAZ
0. 5,00 = 0.16807:£-02
5400 10.00 CeT4TTBE~G2
10.00 15.00  0.14767E-C1
15.00 20.00 0.25627E-C1
20.00 25400 0.39390tE-01
25.00 30.00 0.58705£-Cl1
'30.00 35,00 0.81690E-71
€.,00 40.00 0.10718E-00
40,00 45,00 0.16435E-00
45.00 50.00 0.24613E-00
50.00 56,00 = 0.326758-00
55.00 50.00 C.39737E-C0
" 60.00 65,00 0.467408-C0
65.00 70.00 0.54389F 30
70,00 75,00 0.62052F 00
75.00 B0.00 U.68496E CO
" 80.00 85.00 0.72136F O
85.00 90.00 0.75232E 0
90.00 95,00 =  0.78485E CO
95,00 1£0.00 0.80870F CO
"100.00 105.00 " 0.83161E CO
105.00 110.00 0.85387C GO
"110.00 125,00 0.87587E €O
115.00 120.00 0.89364F (0O
"120.00 125.00 0.90835% (0
125.00 13C.00 0.92157E <0
130.00 135,00 C.93521F €O
135.00 140.00 0.94956E €O
"'140.00 145.00 0.96337E CO
145.00 150.00 0.97367E €O
" 150,00 155.00 0.98346E 30
155.00 160.00 0.98988E (0
160,00 155.00 0.99545E (O
165.00 170.00 0.99821E CO
“170.00 175.00 " 0.99969E CO
175.C0 180.00 0.,10000E

LENGTH= 228.60

aa

0.98905E 02 AREA=
MAX (K##2)= 0.24865E

"NORMALIZED
INTEGRAL FROM
THETAL1 TO
THETA2 N

0.168C7TE-02
0.57972E-02
0.728B9E-02
0.10860£-01

 0.13763E-01

0.19315E-01
0.22984E-01
0e25494E-01
0.57167E-01
0.81777E-C1
0.80625E-01
0.70612E-01
G.70030E-01
0.7649TE-21
0.866306-01
0.54439E-01
0.36403E-01
0.30955E-01
0.32531£-01
0.23845E-01
0.22915E-01
0.22257&E-01
0.22007E-01
0.17766E=-01
"0.14T15E-01
0.13216E-01
0.13639£-01
.0.14350E-01
"0.13812E-01
0.10301E-01
0.97861E-02
0.64237E-02
0.556T4E=02
0.2765TE-02
0e14786E-02
0.30693E-03

b

" 0.48011E

T 0.55348E

" 0.58294E

" 0.66253E

0.66556¢

 UN-NORMALIZED
INTEGRAL FROM
0

TO THETA2
0.11136E-00
0.497595-00
0.98281E 00
0.17056E 01
0.26216E 01
0.39072E 01
0.54369E Ol
0.71336E 01
0.10938E 02
0.16381E 02
0.21747E 02
0.26447E 02
0.311085 02
0.36199E 02
0.41965E 02
0.45588E 02
02
0z
0z
02

0.50071¢
0.52236E
0.53823¢E
0.56830E 02

02

02

02

02

02 -
02

02

02

02

02
02
0z

02

02

0.59477E
0.60456¢&
0.61336¢E
0.62243E
0.63198E
0.64118E
0.64803¢E
0.65455E
0.55882¢

0.66437E
D.66535E

o2



